Library Trends 55 (2) Fall 2006: Geographic Information Systems and Libraries by Stoltenberg, Jaime (editor) & Parrish, Abraham
G
eographic Inform
ation System
s and Libraries L
IB
R
A
R
Y
Published by The Johns Hopkins University Press
Volum
e 55 | N
um
ber 2 | Fall 2006
TRENDS
Volume 55
Number 2
Fall 2006
Library Trends
Geographic Information Systems
and Libraries
Jaime Stoltenberg and Abraham Parrish, Issue Editors
LT-55-2-cover.indd   1 10/11/06   9:34:44 AM
Library Trends, a quarterly thematic journal, focuses on current trends in all areas of library 
practice. Each issue addresses a single theme in depth, exploring topics of interest primarily to 
practicing librarians and information scientists and secondarily to educators and students.
Editors: Boyd Rayward and John Unsworth
Publications Committee: Kate McDowell, Boyd Rayward, John Unsworth, Terry Weech, Marlo Welshons
© 2006 by The Board of Trustees of the University of Illinois. All rights reserved.
Library Trends (ISSN 0024-2594) is published quarterly—in Summer, Fall, Winter, and Spring—for the 
University of Illinois Graduate School of Library and Information Science (GSLIS) by The Johns Hopkins 
University Press, 2715 N. Charles Street, Baltimore, MD 21218-4363. 
Permissions. No portion of Library Trends may be reproduced by any process or technique without the formal 
consent of the publisher. Copies for personal or internal use may be made on the condition that the copier 
pay a fee of $.20 per page through the Copyright Clearance Center, 222 Rosewood Dr., Danvers, MA 01970, 
for copying beyond that permitted by Section 107 or 108 of the U.S. Copyright Law. This consent does not 
extend to other kinds of copying, such as copying for general distribution, for advertising or promotional 
purposes, for creating new collective works, or for resale. 0024-2594/05. Direct all other permissions 
requests to Permissions Manager, The Johns Hopkins University Press, 2715 N. Charles Street, Baltimore, 
MD 21218-4363; or visit www.press.jhu.edu/cgi-bin/permissions.cgi.  
Subscriptions. Institutional rate per year is $120; individual rate is $75.00. Students with ID may subscribe 
for $45.00. For all subscriptions mailed outside the U.S.A., please add foreign shipping: $7.50 (Canada or Mexico); 
$15.80 (outside North America). Single copy rate (current or back issues) is $36.00 for institutions; $23.00 
for individuals. If applicable, please add state taxes or GST. Prepayment is required for shipment. All orders, 
address changes, and other business correspondence should be addressed to The Johns Hopkins University 
Press, Journals Division, P.O. Box 19966, Baltimore, MD 21211-0966 (USA); telephone (410) 516-6987; fax 
(410) 516-6968; email jrnlcirc@press.jhu.edu; or toll free 1-800-548-1784 (US and Canada only). Claims 
for replacement of missing issues must be received within three months of mailing (six months for foreign 
addresses). All notices of change of address should provide both the old and new address.  
Periodicals postage paid at Baltimore, Maryland, and at additional mailing offi ces. POSTMASTER: Send 
address changes to Library Trends, The Johns Hopkins University Press, Journals Division, 2715 N. Charles 
Street, Baltimore, MD 21218-4363.
Library Trends is indexed or abstracted in Current Contents, Library Literature, and PAIS. The paper used in 
this publication meets the minimum requirements of the American National Standard for Information 
Sciences–Permanence of Paper for Printed Library Materials. ANSI Z39.48-1984.
Procedures for Proposing and Guest Editing an Issue of Library Trends
We encourage our readers to submit ideas for future Library Trends themes; issue topics are developed 
through recommendations from members of the Publications Committee and from reader suggestions. 
We also encourage readers to volunteer to be issue editors or to suggest others who may be willing to be 
issue editors.
The style and tone of the journal is formal rather than journalistic or popular.  Library Trends reviews the 
literature, summarizes current practice and thinking, and evaluates new directions in library practice. 
Papers must represent original work. Extensive updates of previously published papers are acceptable, 
but revisions or adaptations of published work are not sought.  Although Library Trends is not formally 
peer-reviewed, guest editors invite articles for submission, which are then critically reviewed by both the 
guest editor and journal editor.  Unsolicited articles are not accepted.
An issue editor proposes the theme and scope of a new issue, draws up a list of prospective authors and 
article topics, and provides short annotations of each article’s scope or else gives a statement of philosophy 
guiding the issue’s development. Please send your ideas, inquiries, or prospectus to Library Trends, GSLIS 
Publications Offi ce, 501 E. Daniel Street, Champaign, IL 61820-6211.
L
IB
R
A
R
Y
TRENDS
INDEXING AND ABSTRACTING 
IN THEORY AND PRACTICE
3rd edition
By F. W. Lancaster
•  indexing principles and practice
•  pre-coordinate indexes
•  consistency and quality of indexing
•  types and functions of abstracts
•  writing an abstract
•  evaluation theory and practice
•  approaches used in indexing and 
abstracting services
In addition to use as a text, Indexing and Abstracting in Theory and Practice holds value 
for all individuals and institutions involved in training for information retrieval and 
related activities, including practicing library and information professionals, database 
producers, those engaged in portal design, and all professionals involved in knowledge 
management in general.
Order forms available at: http://puboff.lis.uiuc.edu
Credit orders (Visa, Mastercard,  American Express) may be placed by phone: 
1-217-333-1359; fax: 217-244-7329; or e-mail: lis-pubs@uiuc.edu 
Mail checks payable to the University of Illinois to GSLIS Publications Office, 
501 E. Daniel Street, Champaign, IL 61820-6211.    *Price does NOT include shipping. 
Now Available 
“Lancaster’s work stands by itself as a superior textbook for a course on 
indexing and abstracting, or as a supplement for any number of courses in 
related areas (e.g., database management, information retrieval, introductory 
organization of information, etc.).” —Technicalities 
AWARD-WINNING TEXT UPDATED
The third edition of this widely respected manual of best practice is even more com-
prehensive than the fi rst edition, which won the 1992 ASIS Best Information Science 
Book Award. Fully revised to address changes since 1998—especially in the areas of 
multimedia sources, text searching, automatic indexing, and the Internet—this edition 
is illustrated throughout with useful indexing and abstracting guidelines for student 
and practitioner. Covered areas include:
•  indexing enhancement
•  natural language in information 
retrieval
•  indexing and abstracting of 
imaginative works
•  databases of images and sound
•  automatic indexing and abstracting
•  the future of indexing and 
abstracting services
ISBN 0-87845-122-6 • 464 pp • cloth • $57.50
LT-55-2-cover.indd   2 10/11/06   9:34:45 AM
L
IB
R
A
R
Y
TRENDS
Volume 55
Number 2
Fall 2006
Geographic Information Systems 
and Libraries
Jaime Stoltenberg and Abraham Parrish
Issue Editors

Geographic Information Systems and Libraries
Contents
Introduction 
Jaime Stoltenberg 217
GIS Collection Development within an Academic Library
Patrick Florance 222
Legal Considerations in the Dissemination of Licensed Digital 
Spatial Data
Patti Day and Chieko Maene 236
Building a System to Disseminate Digital Map and Geospatial 
Data Online
Tsering Wangyal Shawa 254
Libraries as Distributors of Geospatial Data: Data Management 
Policies as Tools for Managing Partnerships
Gail Steinhart 264
Geospatial Web Services and Geoarchiving: New Opportunities
and Challenges in Geographic Information Services
Steven P. Morris 285
Digital Preservation of Geospatial Data
Julie Sweetkind-Singer, Mary Lynette Larsgaard, and Tracey Erwin 304
Building a Library GIS Service from the Ground Up
Rhonda Houser 315
Improving GIS Consultations: A Case Study at Yale University 
Library
Abraham Parrish 327
Centralized vs. Distributed Systems: Academic Library Models 
for GIS and Remote Sensing Activities on Campus
Joe Aufmuth 340
GIS Mentoring
Kim M. Ricker 349
Introduction
Jaime Stoltenberg
Geographic Information Systems (GIS) data collections and services 
within the library environment are not new concepts. For years libraries 
have been active in collecting geospatial data and handling GIS-related 
reference questions. In the early 1990s librarians often contributed to the 
literature while researching and learning the best methods for develop-
ing geospatial collections and incorporating GIS services in libraries. But 
during the last ten years, while there have been enormous advancements 
in the fi eld, the literature related to GIS in libraries has been somewhat 
scarce. In a time when librarians are busy perfecting their technical GIS 
skills, creating and defi ning service models, working closely with data pro-
ducers, discovering new ways of building collections, and researching ways 
to archive and preserve digital geospatial data, it is only appropriate that 
the current issues and topics within the fi eld of GIS librarianship be high-
lighted in the literature.
In this fi rst-ever issue of Library Trends dedicated to GIS and libraries, 
we present thirteen authors contributing ten profoundly informative ar-
ticles that address a variety of current issues and trends in the fi eld. These 
authors share their experience, expertise, and opinions regarding the most 
prominent concerns within the fi eld of GIS librarianship today. In an effort 
to create a comprehensive issue that spans the most current and relevant 
topics, careful consideration was made in the selection of articles included 
in this issue.
This introduction provides a brief overview of the topics covered in this 
issue and gives readers a taste of the diversity of these topics. Readers will 
see emerging trends among the topics in several articles, particularly those 
related to geospatial data acquisitions, distribution, and preservation. They 
will also gain exposure to new ideas related to GIS mentoring programs, 
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analysis of GIS reference statistics, the application of centralized and dis-
tributed GIS service models, and geoarchiving.
The issue of how libraries acquire geospatial data is a prevalent one in 
this collection of articles. Many of the articles discuss the subject but focus 
on different aspects of building data collections. One author has devoted 
his entire article to geospatial data collection development. Patrick Florance 
from Tufts University presents some of the current issues related to building 
geospatial data collections within libraries. He begins with a fundamental 
discussion of the nature of geospatial data and stresses the importance of 
understanding data types, formats, and scales. Florance provides examples 
of some important considerations essential to successful geospatial data 
collection development: cost, availability, licensing, distribution policies, 
documentation and metadata, software, and hardware. Along with these 
examples, he offers suggestions for success based on his experience build-
ing the geospatial data collection at Harvard University.
The process by which data are distributed to library users depends on 
many factors including size, format complexity, and potential restrictions 
applied to the data as a result of copyright or license agreements created by 
data producers. Libraries striving to build collections of geospatial data are 
increasingly faced with a variety of legal issues related to these agreements. 
Patti Day and Chieko Maene, former Digital Spatial Data Librarians at the 
University of Wisconsin–Milwaukee, write about their experiences dealing 
with copyright restrictions and license agreements applied to several sets 
of geospatial data acquired by the American Geographical Society Library 
(AGSL). Day and Maene’s article includes a well-researched overview of 
relevant legal issues and a discussion of freedom of information laws at the 
federal level and open records laws at the state level to help guide other 
libraries facing challenges in providing access to licensed geospatial data.
Expanding on the subject of geospatial data dissemination, Tsering 
Wangyal Shawa from Princeton University writes about his experience de-
veloping a system to provide library users with the ability to access many 
different forms of geographic information via the Internet. Shawa explains 
the processes by which paper map collections are digitized, metadata re-
cords are created, and imagery is made available for preview and direct 
download from Princeton’s Digital Map and Geospatial Information Center. 
He provides detailed examples of various software packages and develop-
ment technologies utilized in the project.
Building relationships with data producers is an essential role a librar-
ian must play in order to ensure library users have the ability to access the 
wealth of geospatial data being produced today. In a well-researched article, 
Gail Steinhart of Cornell University writes on the issue of geospatial data 
collections in libraries, but she focuses more on library–data producer 
relationships. She discusses the importance of building these relationships 
and talks about how the formulation of an actual data management and 
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distribution policy can help defi ne critical parameters within a partnership. 
Issues taken into consideration on both sides of an agreement include intel-
lectual property rights, liability issues, distribution methods, data manage-
ment practices, and security risks posed by geospatial data. Steinhart draws 
on knowledge gained from her experiences formulating a policy for the 
Cornell University Geospatial Information Repository (CUGIR).
Charging into the frontier of geospatial Web services, Steve Morris from 
North Carolina State University (NCSU) tackles the opportunities and chal-
lenges related to streaming geospatial data and geoarchiving in libraries. 
Past trends show many libraries working to build physical or “in-house” 
collections of geospatial data on disk. Today, data producers are making 
geospatial data available to the public through geospatial Web services 
published via the Internet. These geospatial Web services are prompting 
changes in the way libraries develop their data collections. In cases where 
a streaming Web service is the only mechanism available to obtain the 
data, libraries are faced with challenges in managing, maintaining, and 
archiving this information. Morris addresses important issues related to the 
role libraries should play in the development and utilization of emerging 
geospatial Web services and the long-term preservation challenges of these 
types of data distribution systems. He cites examples from the work being 
done at NCSU as the result of an award from the Library of Congress’s 
National Digital Information Infrastructure and Preservation Program 
(NDIIPP).
While Morris introduces the concern of long-term preservation of geo-
spatial data, Julie Sweetkind-Singer and Tracey Erwin of Stanford University, 
along with Mary Larsgaard of the University of California at Santa Barbara 
(UCSB), write specifi cally on this subject. They defi ne and discuss issues 
such as data versioning, copyright, the complexity of geospatial fi le formats, 
and how these issues pose unique challenges when thinking about the ways 
libraries can preserve the information contained within geospatial fi les. 
Sweetkind-Singer, Erwin, and Larsgaard lay the foundation for their article 
by discussing the research and development currently taking place with a 
grant from the NDIIPP, awarded to both Stanford and UCSB. As part of this 
project, the development of two prototype archives for housing data and the 
creation of a format registry to describe the data being stored will assist in 
answering some very important geospatial data preservation questions.
Over the years many libraries have established collections of geospatial 
data, but how many have developed and implemented GIS services? In a 
comprehensive account of how the University of Kansas developed a GIS 
service model, Rhonda Houser describes how libraries can begin to offer 
services aimed at assisting library users with using GIS software as well as 
locating and analyzing geospatial data. Creating a service model for GIS in 
the library is an important activity aimed at meeting the needs of a rapidly 
growing user community that can span many disciplines. Houser describes 
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how GIS services including instruction, software training, and GIS project 
consultation can be implemented in a library. She stresses the importance 
of utilizing mechanisms like outreach and publicity to ensure that these 
services are successful and properly meet the needs of users.
Reference services related to GIS can run the gamut in variations of 
applications, complexity and depth of research problems, technical abili-
ties required to perform analytical operations within GIS software, and 
challenges in locating the proper data sources. Keeping well-documented 
statistics on the types of reference questions and how they are answered is 
a way to create a database of knowledge that could be turned into instruc-
tional guides aimed at providing users with quick access to answers to their 
questions. Until now, research related to the analysis of GIS reference sta-
tistics and the quality of GIS consultations in academic libraries is virtually 
absent in the literature. Abraham Parrish from Yale University describes 
four years of accumulated reference statistics. He relates the analysis of 
these statistics to the librarian’s ability to provide effective consultations. 
Based on his database of over 5,700 records, Parrish provides examples of 
a wide variety of questions, the average amount of reference time spent 
with each library user, different types of library users utilizing GIS reference 
services, and total average megabytes of data disseminated to a library user 
at a given time. He compares GIS reference techniques and processes with 
other traditional library reference techniques and processes to show how 
GIS requires more of a “consulting” approach.
GIS services in academic libraries attract users from many departments 
or centers on campus. To achieve success, services developed within the 
library should be directed toward the needs of a broad user community 
and should fi t into the larger service model architecture of the university. 
In an interesting discussion of two different models, Joe Aufmuth from the 
University of Florida defi nes both the distributed and centralized models 
of GIS services and data delivery methods from the enterprise GIS per-
spective. Viewing the academic library as an enterprise, he compares the 
advantages and disadvantages of these service models. Following a descrip-
tive explanation of both models, he suggests that for some, the best method 
for providing GIS services may be the result of a hybrid of the two models. 
Aufmuth cites specifi c examples of both service models at the University 
of Florida and Florida International University.
Reference and instruction services are successful when there are knowl-
edgeable staff members available to assist library users with complex re-
search questions or problems. Kim Ricker of the University of Maryland 
writes about establishing an effective GIS mentoring program to help train 
a staff whose goal is to meet the needs of the GIS community on campus. 
While literature on the general topic of mentoring in libraries is seemingly 
abundant, Ricker found that articles dealing specifi cally with GIS mentoring 
were nonexistent. Her innovative ideas offer a fresh perspective on develop-
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ing a mentoring program designed to train a staff capable of handling the 
highly specialized and technical aspects of GIS reference and instruction 
services. She includes an informative ten-point framework for GIS mentor-
ing largely based on her experiences implementing such a program with 
graduate assistants at the University of Maryland.
A shift in how libraries are developing and delivering GIS data collec-
tions to library users represents the most defi nitive trend in the fi eld today. 
Geospatial Web services, library–data producer relationships, and license 
or copyright issues are just a few trends that illustrate the different ways 
libraries now deal with GIS collections and services in contrast to methods 
of the past.
The purpose of this special “GIS in Libraries” Library Trends issue is not 
only to discuss the current issues within the fi eld but also to provide an op-
portunity for readers to learn from what other libraries have accomplished 
with regard to GIS collections and services in the last decade. Through the 
experiences documented by these authors, readers will learn about new 
ways to develop and share their geospatial collections, how to create effec-
tive service models and mentor staff, why data-sharing relationships are 
important, and why it is absolutely essential to think about best practices 
for archiving and preserving geospatial data.
Jaime Stoltenberg is the Map and Geographic Information Systems (GIS) Librarian 
at the University of Wisconsin–Madison’s Arthur H. Robinson Map Library where 
she manages a collection of over 500,000 items and provides reference services in 
all subject areas related to maps, geography, cartography, geospatial data, and GIS. 
Jaime has experience in the acquisition and management of geospatial data collec-
tions as well as GIS software and project management within the academic library 
environment.
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GIS Collection Development within an 
Academic Library
Patrick Florance
Abstract
Locating usable spatial data is essential for the application and use 
of Geographic Information Systems (GIS). GIS data collection devel-
opment constitutes a core element of GIS services within academic 
libraries. Managers of geospatial resources require a fundamental 
understanding of the nature and use of GIS data. In the creation 
of a GIS collection development policy, library professionals should 
consider the established collection development policy, needs of the 
GIS user community, campus GIS services, and library infrastruc-
ture. Library professionals also need to employ a variety of online 
resource guides and spatial search engines and navigate a network 
of government agencies, academic institutions, commercial enter-
prises, and GIS professionals to locate, select, and acquire spatial 
datasets. When making decisions regarding GIS data acquisition, the 
selector should consider cost, availability, license agreements and 
distribution policies, documentation, data structures, and software 
and hardware.
Introduction
Since the late 1990s much has changed in the world of Geographic In-
formation Systems (GIS): computer memory has become more accessible, 
the fi elds of geographic information science and spatial analysis have spread 
across disciplines, government agencies and commercial enterprises have 
developed massive spatial databases, high-resolution satellite imagery has 
become publicly available, a suite of software has been developed to meet 
the specialized needs of industry, and the Internet has emerged as a tool 
for data dissemination and visualization. There has also been a signifi cant 
increase in new GIS positions within academic libraries as they struggle to 
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develop, maintain, and expand their GIS services. These positions include 
GIS specialists, GIS/data librarians, GIS/map librarians, digital cartog-
raphers, spatial data specialists, and GIS coordinators. Nevertheless, the 
principles of GIS have not changed all that much over the past few years. 
Tomlin defi nes GIS as “a confi guration of computer hardware and software 
[and personnel] specifi cally designed for the acquisition, maintenance, and 
use of geographically referenced data” (1990, p. xi). When developing GIS 
services, three core components must be addressed: computer hardware 
and software, personnel, and data management (Longstreth, 1995). While 
all GIS service elements are equally important, a particular emphasis ex-
ists regarding the GIS data (Jablonski, 2004; Lamont, 1997, van Loenen 
& Onsrud, 2004), especially since data development or conversion can be 
extremely labor intensive (Goodchild & Longley, 1999). As a result, the 
availability of preexisting data often determines the feasibility and geo-
graphic area of a research project. This article examines the development 
of a spatial data collection within an academic setting and addresses the 
selection, acquisition, and source of spatial data.
The Nature of GIS Data
A fundamental understanding of the nature of GIS data is required be-
fore one can locate and use spatial data. The terms spatial data, geospatial 
data, and GIS data—that is, digital, geographically referenced data—will 
be used interchangeably in this article. GIS data are generally used to 
represent or model both physical and administrative geography. Physical 
features encompass both anthropogenic and natural features on or below 
the surface of the earth. Anthropogenic features typically include cultural 
phenomena, such as roads, railways, trails, buildings, and bridges. Natural 
features include rivers, lakes, shorelines, soils, elevations, etc. Abstract or 
administrative features are generally cultural divisions or boundaries cre-
ated and used by organizations and agencies to administer their affairs and 
resources. These typically include national, state, county, election district, 
school district, municipal, zoning, zip code, neighborhood, census tract, 
and parcel or property boundaries. The Committee on Licensing Geo-
graphic Data and Services provides a detailed synthesis of geographic data 
types available in the United States (2004, Appendix C).
Two basic methods exist for representing geographic features within a 
GIS (DeMers, 1997, pp. 97–101). The vector data structure is composed 
of an ordered list of points and represented by points, lines, and polygons. 
Vector graphics model discrete geographic features such as administrative 
boundaries, roads, buildings, and rivers. A graphic vector object is usually 
combined or linked with attribute information stored in a separate spread-
sheet or database. The raster data structure is composed of a grid of cells or 
pixels used to model continuous data. The resolution is a measure of the 
dimension on the ground represented by each pixel. Typical raster datasets 
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include digital elevation models (DEMs), satellite imagery, digital orthopho-
tography, land use/cover, and georeferenced digital images of maps.
GIS data are scaled models or abstractions of reality (Goodchild & Long-
ley, 1999). Understanding the scale and precision of spatial data is essential 
for both locating and using GIS data. The scale of data is described as a 
representative fraction such as 1:100,000 (Chrisman, 2002, p. 98; Clarke, 
2003, p. 120). The representative fraction is a ratio of units measured on 
the map to units measured on the surface of the earth. In the example 
above, one inch on the map equals 100,000 inches on the surface of the 
earth. The smaller the ratio is, the larger the scale is. For example, a scale 
of 1:1,200 is considerably larger than a scale of 1:24,000. Datasets of larger 
scale usually possess more detail and a higher level of accuracy than those 
of smaller scale (Decker, 2001, pp. 16–19). The capture and generalization 
of features and attributes will likely vary from scale to scale. The map in 
Figure 1 shows the differences in representation of the Cape Cod shoreline 
using different scale data. In application, researchers must consider whether 
the scale of the data will yield needed results. For instance, if a researcher 
wants to conduct a site selection project to locate a new optimal location 
for assisted living in Boston based on municipal transit, a 1:1,000,000 scale 
transportation dataset will not be appropriate for the study. The scale is too 
small for the level of detailed information required. Hence, for the pur-
poses of collection development, selectors should take into consideration 
the scale most appropriate to the needs of their patrons.
Scale requirements also impact where a selector must go to locate and 
acquire data. In the example above, a selector would probably need to go 
to Massachusetts state agencies as well as the City of Boston itself to acquire 
the necessary data because these agencies are more likely to maintain that 
level of detail in their GIS data.
Collection Development Policy
Much of the literature regarding GIS collection development suggests 
following an organization’s current collection development policy (Lamont, 
1997; Larsgaard, 1998, pp. 5–6; Stone, 1999). While this is often the case, 
there are times when the GIS collection development policy does not co-
incide with the organization’s traditional collection policy. For example, 
at the Harvard Map Collection, the collection is global in nature with spe-
cial emphasis on the United States, New England, and the greater Boston 
area. Our GIS collection certainly parallels the printed collection in this 
respect. However, while this is a good place to start, we must be careful: we 
have learned that the users of GIS are not necessarily part of the same user 
community as users of printed geographic information. These two groups 
of patrons often have different backgrounds and research needs. A typical 
example is an economist interested in the spatial econometric modeling 
of a given area. The economist wants to calculate the distances between 
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thousands of features, such as cities or businesses or census block groups, 
resulting in robust distance matrices. Normally their studies would be too 
computationally intensive to use printed information. Another difference 
we have discovered at Harvard is that while current events infl uence the 
use of printed maps, they have had little impact on the use of GIS data. We 
purchased robust datasets of North Korea, Iraq, and Afghanistan, and they 
have received little or no use. The similarities or dissimilarities between 
printed map users and GIS users will vary from institution to institution. 
Understanding the needs of both communities of users will lead to better 
collection development decisions.
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Figure 1. Cape Cod shoreline shown using different scale datasets.
The content of GIS data also may span traditionally separate areas of 
expertise in library collection development, but it often makes sense to 
consolidate GIS services and data, despite varying subject matter. For ex-
ample, the Harvard Map Collection does not collect printed geologic maps, 
but it does collect geological spatial data and applies the same approach 
to census data. GIS personnel are capable of helping users with this data, 
despite the fact that these areas do not fall within the Map Collection’s 
areas of print-based concentration.
In addition, the differences between maintaining printed geographic in-
formation and GIS data may also impact collection development decisions. 
For instance, the Harvard Map Collection collects large-scale urban datasets 
of selected cities across the United States that it would not ordinarily col-
lect in printed form because of the storage issues. In essence, although the 
established collection development policy provides a good foundation, the 
GIS collection development policy should also be infl uenced by the GIS 
user community, campus GIS services, and the library’s infrastructure.
In formulating a GIS collection development policy, it is best to observe 
users’ needs and requests for a few months to a year before making sig-
nifi cant changes (Larsgaard, 1998, pp. 1–3; Stone, 1999). In an academic 
environment, collection development policies need to support teaching, 
research, and applications (Longstreth, 1995). A needs assessment is the 
best approach (Martindale, 2004). To begin a needs assessment, keep a 
database or spreadsheet of spatial datasets requested, noting the area of 
interest, type of data, contact information, and department. This informa-
tion is useful in identifying and evaluating GIS data usage and trends. The 
information and statistics gathered can also be used to justify decisions 
regarding spatial data acquisition and services. Conducting outreach to 
departments using GIS can also be very useful. Ask what their most fre-
quently used datasets or types of GIS applications are. These departments 
may also contribute their own data to the library’s collection or contribute 
additional funds for data acquisition.
Data Selection and Acquisition
User demands, budgets, license restrictions, availability, data formats, 
and staffi ng resources infl uence decisions about selecting spatial data for 
acquisition. Focusing on the needs of the user community as a whole, 
rather than the special purpose or special project datasets, is critical (Long-
streth, 1995). At Harvard, for instance, we generally only purchase and 
acquire datasets that we feel will be used somewhat frequently by students, 
faculty, and staff for teaching and research purposes. For that reason, we 
rarely purchase satellite imagery. To begin with, it is expensive. Also, when 
someone is conducting a remote sensing project, they usually need a very 
specifi c area at a very specifi c time period or periods. In most cases, it is 
unlikely that anyone else will use that dataset in the future. However, we 
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have purchased some high-resolution satellite imagery of foreign cities to 
help supplement our collection, generally when we are unable to acquire 
their urban-scale GIS data.
Financial considerations and licensing are certainly a key factor. Com-
mercial and government datasets can be expensive, ranging into the 
thousands of dollars. Federal depository libraries may receive some U.S. 
government datasets for free (Lamont, 1997). Many public agencies and 
commercial vendors offer educational discounts. Mention that the data are 
for academic/noncommercial use and try to pay a one time charge, avoid-
ing recurring subscription fees. The price of GIS data often relates to the 
licensing or usage restrictions of the data (Stone, 1999). When the library 
selector purchases GIS data, the selector is usually purchasing a licensed 
copy of the data. The licensing of a spatial dataset or product means “a 
transaction or arrangement . . . in which the acquiring party . . . obtains 
information with restrictions on the licensee’s rights to use or transfer the 
information” (Committee on Licensing Geographic Data and Service, 2004, 
p. 25). At the Harvard Map Collection we generally encounter three types 
of license agreements:
• A free-use license, in which the data can be freely distributed to the 
general public
• A Harvard-wide site license, in which the data can be disseminated via a 
server or the Web to Harvard users (students, faculty, and staff) provided 
they have a Harvard identifi cation or personal identifi cation number 
(PIN)
• A single-use Harvard license, in which the data can only be used on a 
single computer at a time, but Harvard users can subset the data and 
take it away with them to work in a computing lab or at home
Read and negotiate the license agreement carefully. Always try to get 
a site license. A site license is less restrictive than a single-use license and 
makes the data much easier to disseminate. Some vendors provide a site 
license agreement at no additional cost. Some vendors charge fi ve to ten 
times the amount of a single-use license for a site license, and some vendors 
refuse a site license altogether. Be honest and upfront with the respective 
agency or seller. Tell them that at the very least students and faculty need 
to be able to work at a single computer and subset the data in order to take 
some of it away to work on on their own. If an academic library cannot 
at least get that basic license, the product is usually not worth the money. 
Shop around and compare prices from different dealers. Many of them 
offer the same datasets at competitive prices. I have had good success with 
companies such as East View Cartographic, Map Mart, and LeadDog regard-
ing licensing (see Table 1). East View Cartographic in particular has a long 
tradition of working with libraries. Other companies such as GfK Macon 
and Bartholomew generally offer more restricted-use data. Finally, partner 
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with other departments or libraries to combine funds to purchase the more 
expensive datasets. The Harvard Map Collection regularly partners with 
Harvard’s Government Documents Library to purchase GIS data related 
to both collections.
Another important factor regarding the collection of GIS data is the 
online availability of the data. Is it better to download or order them on 
disk from the agency? Several issues infl uence this decision. Are the data 
frequently used? Are the data only available temporarily? Is the site un-
stable or unreliable? Are the fi les too large to download over the library’s 
current bandwidth? Is there a cost involved? At Harvard we acquire all of 
the GIS data from the State (MassGIS) and the City of Boston on disk even 
though much of that data is available online. The data receive such heavy 
use and some of the fi les are so large that it just does not make sense to 
keep downloading them over and over again.
When acquiring GIS data, it is important to get the data in an easily ac-
cessible format and media. Will the data be easy to use in their delivered 
format, or will staff time have to be spent converting the data to make them 
useable? Converting data from one format to another can be time consum-
ing, and datasets can be enormous. This has become less of an issue in re-
cent years as data providers frequently offer a variety of deliverable formats. 
I strongly suggest products or formats that reduce GIS staff time. It is well 
documented in the literature that GIS services can easily double your staff’s 
workload (Larsgaard, 1998, p. 8; Longstreth, 1995). At Harvard we have had 
great success with foreign and domestic census products that bundle the 
joined census attribute data with their corresponding boundaries. Although 
these products tend to be expensive, they greatly reduce patron and staff 
time spent joining the two disparate datasets. One example is the suite 
of census products produced by Geolytics (http://www.censuscd.com/). 
Their products make accessing U.S. census data within a GIS signifi cantly 
easier and greatly reduce personnel time (Florance, 2004). I have also had 
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Table 1. Frequently Used Commercial Data Providers
Company Name               Web Site
ESRI http://www.esri.com
East View Cartographic http://www.cartographic.com
Map Mart http://www.mapmart.com
GfK Macon http://www.gfk-macon.com
GIS Data Depot http://data.geocomm.com
LAND INFO http://www.landinfo.com
LeadDog Consulting http://www.goleaddog.com
Collins-Bartholomew http://www.bartholomewmaps.com
ACASIAN http://www.asian.gu.edu.au
Digital Globe http://www.digitalglobe.com
GeoEye http://www.geoeye.com
MapInfo http://www.mapinfo.com
success with bundled census GIS products of China (All China Marketing 
Research Co. & China Data Center, 2004), India (ML Infomap, 2003), and 
Australia (Australian Bureau of Statistics, 2003).
Data is usually either downloaded from the Internet or put onto CD, 
DVD, or more recently portable hard drives. Raster data fi les tend to be 
very large and often come in compressed tiles or sections. In addition to 
acquiring the uncompressed tiles, try to get a single mosaicked image in 
compressed form such as JPEG2000, MrSID, or ECW. The single com-
pressed image makes the data much easier to disseminate and work with. 
When ordering digital orthophotography from a commercial vendor, try 
to get an additional complete mosaicked image resampled at a much lower 
resolution. Users often want to print an image of an entire city or large 
area. Sending several high-resolution TIFFs or a giant SID to a printer of-
ten crashes the printer; creating pyramid layers can help as well. For very 
large datasets, those over a couple gigabytes, I have found portable external 
hard drives more stable and easier to use than CDs or DVDs. Some datasets 
will occupy several CDs or DVDs and switching from one CD to another is 
taxing and speeds are slower. In short, select formats and media that work 
best for the library’s environment and that minimize staff time.
Acquiring local, large-scale GIS data requires establishing contacts with 
state, county, and municipal agencies. Many states have developed mature 
geographic information systems and widely disseminate their data. Policies 
regarding availability, pricing, and licensing vary widely among county and 
municipal agencies. Some local agencies provide all of their data for free, 
some agencies charge tens of dollars, some agencies charge hundreds of 
dollars, some agencies charge thousands of dollars, and some agencies 
refuse to provide data altogether. Try to attain the data for free or at least 
nearly free. I mention that the data will only be used for academic/noncom-
mercial purposes and that we will act as an archive for the data. I usually 
mention that I manage and serve as the contact for GIS data for Harvard 
University, and I fi nd this a more effective approach than sending all of the 
students directly to the agency. If the agency does not comply, I provide 
its contact information to all of the interested students, and students can 
be very resourceful and determined. Be persistent but patient: e-mail and 
call, but give agencies time to respond and keep in mind that their primary 
goal is to service and manage their town or county GIS, not disseminate 
their data to the world. 
The fi nal deliverable product should include documentation. The 
documentation or metadata is critical, as metadata provide valuable infor-
mation about the data. Government agencies or private vendors usually 
do not provide Federal Geographic Data Committee–compliant (FGDC; 
http://www.fgdc.gov) metadata (van Loenen & Onsrud, 2004). However, 
many data providers do not provide any metadata at all! At the very least, 
try to get information concerning the author/creator of the data, date for 
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which the data are relevant, basic explanation of the attributes, source of 
the data, scale, projection, coordinate system/datum, and units of measure. 
Metadata are crucial for the use, management, and dissemination of spatial 
data. Without this information, the data are of little value.
Evaluation of the products before selecting them for acquisition is es-
sential. Read the documentation carefully. What scale is the data? What sort 
of attributes come with the data? What is the source? What is the licensing? 
Download samples, open them up, and take a look at them using GIS soft-
ware. Read reviews if they exist, talk to other GIS or library professionals, 
and post questions to listservs about the data. One of the better listservs is 
GIS4Lib, administered by the University of Washington (http://mailman1
.u.washington.edu/mailman/listinfo/gis4lib). Be watchful of vendors who 
“improve” and repackage Digital Chart of the World data (VMAP0), a spatial 
database of the world at 1:1,000,000 developed by the National Geospatial-
Intelligence Agency (NGA). Quite often the “improvements” are minimal, 
and they are just selling you something you can get for free.
You might fi nd it useful to draft a formal document outlining the GIS 
datasets selected for potential acquisition. In this document include the 
dataset or product, description, cost, license, and contact information. 
Review the items with the appropriate staff and select products for ac-
quisition based on user needs, budget, licensing, quality, online availabil-
ity, deliverable format, and staffi ng resources. Although a large amount 
of publicly available data can be found online, institutions should own a 
few inexpensive core datasets that meet most users’ needs (see Table 2). 
Locating and evaluating the datasets and negotiating price and licensing 
require a signifi cant amount of time. I generally prepare a small collection 
development proposal for more immediate demands in the fall and a more 
in-depth lengthy proposal in the spring.
Finding Data
Undoubtedly the most critical part of developing a GIS collection is 
locating data. Navigating the labyrinth of GIS data sources is not easy. Cur-
rently there are many sources for GIS data: U.S. and foreign governments, 
state and local governments, academic institutions, commercial data provid-
ers, utility companies, and others (Committee on Licensing Geographical 
Data and Services, 2004, chap. 3). In order to fi nd data, one must utilize 
electronic and print resource guides, online data dissemination engines or 
portals, relationships with GIS professionals, commercial data providers, 
and printed map resources.
Attempting to locate free or low-cost, publicly available data is essential, 
since most academic research in the United States relies on this form of 
geographic information (van Loenen & Onsrud, 2004). Over the past few 
years, GIS professionals and librarians have developed guides to locating 
geospatial data. Many academic institutions have created virtual collec-
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tions of Web links to frequently used sources of geographic information. 
These online resource catalogs are great places to start the hunt. Three 
good examples are the University of Arkansas Libraries (http://libinfo.uark
.edu/GIS/us.asp); Stanford University Libraries (http://www-sul.stanford
.edu/depts/gis/web.html); and the Harvard College Libraries (http://hcl
.harvard.edu/research/guides/cartography/resources/online.html).
Printed guides to geospatial data are another good resource. Decker’s 
(2001) GIS Data Sources and Ralston’s (2004) GIS and Public Data are help-
ful for understanding, fi nding, and using geospatial data. Decker’s work 
provides a basic introduction to GIS data and collection development as 
well as useful appendices to state and federal sources of geographic infor-
mation. Decker’s book is a must for spatial data librarians. Ralston’s guide 
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Table 2. GIS Datasets Recommended for Acquisition
Product Description
ESRI Data & Maps Contains a variety of data for the world, Canada, and
 Mexico, as well as general and detailed data of the United
 States. The product should meet many users’ needs. It ships 
 with ArcGIS software. Contact your software license 
 administrator or ESRI (http://www.esri.com) for a copy.
Global GIS—Global  Contains a wealth of USGS and other public domain 
 Coverage DVD data, including global coverages of elevation, landcover,
  seismicity, and resources of minerals and energy at a 
 nominal scale of 1:1 million. It is available at http://www
 .agiweb.org/pubs/globalgis/.
TIGER/Line  Extracts of selected geographic and cartographic 
 information from the Census Bureau’s TIGER database. 
 Free for federal depository libraries. Available from the U.S. 
 Census Bureau (http://www.census.gov/). 
Landview A desktop mapping system for Environmental Protection 
 Agency (EPA), Census Bureau, and USGS data. Free for 
 federal depository libraries. Available from the U.S. Census 
 Bureau (http://www.census.gov/).
World Vector  Originally developed by the National Geospatial-
 Shoreline Plus Intelligence Agency (NGA), it contains worldwide coverage 
 of political boundary lines and shorelines at a scale 
 of 1:250,000. It is available from the USGS (http://www
 .usgs.gov/) as well as several commercial vendors in a variety
 of formats. 
National Transportation  A set of national geographic databases of transportation 
 Atlas Database facilities for the United States. Available free from the 
 Bureau of Transportation Statistics (https://www.bts.gov
 /pdc/index.xml).
Statewide Data Statewide GIS data. Contact local state agency.
Local County or   Large-scale GIS data. Contact local municipal or 
 Citywide Data county agency.
provides information for some of the most useful publicly available data in 
the United States and includes information regarding formats, uses, and 
sources of unrestricted data.
Seekers of spatial data must also make use of geospatial clearinghouses 
or data portals (Tang & Selwood, 2005). Geospatial clearinghouses are 
Internet sites devoted to disseminating spatial data online following the 
FGDC guidelines for organization and metadata (Decker, 2001, p. 57). 
Some useful data portal sites are provided in Table 3. Although the sites 
take a while to learn and their stability is sometimes unreliable, they offer 
a wealth of free data and meet much of one’s data needs.
For large-scale data, such as building- or property-level information, a 
selector must often establish relationships with the local county or munici-
pality itself (Cobb, 1995). GIS resides in a variety of departments within 
local agencies such as planning, engineering, information technology, GIS, 
and the assessor’s offi ce. A good place to start is the county or municipal 
Web site to get contact information. Some counties and municipalities dis-
seminate their data online, but many will require an e-mail or phone call 
to access the data. Getting to know your local GIS professionals will greatly 
help you in acquiring localized datasets.
Developing GIS relationships is essential for fi nding GIS data in general 
(Cobb, 1995). Join regional professional associations and attend regional 
conferences and workshops. For instance, the Northeast Arc Users Group 
(NEARC) is a regional organization for GIS and mapping professionals in 
the northeast. It provides an opportunity to meet local GIS professionals 
and learn about regional GIS activities. New York City and Boston both 
have formal and informal GIS user groups that get together and discuss 
GIS projects, jobs, and new data acquisitions, among other topics. Building 
relationships and establishing a network of GIS colleagues extends nation-
ally as well. Join national organizations and attend their conferences, such as 
the North American Cartographic Information Society (http://www.nacis
.org) or the Environmental Systems Research Institute (ESRI) User’s Confer-
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Table 3. Frequently Used Geospatial Clearinghouses and Data Portals
Name                       Web Site 
Geospatial One-Stop http://gos2.geodata.gov/wps/portal/gos
National Spatial Data Clearinghouse http://clearinghouse1.fgdc.gov/
GIS Data Depot http://data.geocomm.com/
Geography Network http://www.geographynetwork.com/data/
USGS EROS Data Center http://edcwww.cr.usgs.gov/
The National Map http://nationalmap.gov/
NGA Geospatial Engine http://geoengine.nga.mil/
The Harvard Geospatial Library  http://hgl.harvard.edu
Alexandria Digital Library http://alexandria.sdc.ucsb.edu
Global Land Cover Facility http://glcf.umiacs.umd.edu/index.shtml
ence (http://www.esri.com/events/uc/). The key is to fi nd an organization 
that meets your needs. Most of these local and national organizations also 
maintain listservs. Listservs provide a great opportunity to post questions 
about data sources. GIS4Lib, mentioned previously, is particularly useful 
for locating GIS data. Directions Magazine provides an additional list of GIS 
listservs (http://lists.directionsmag.com/discussion/). Mapping profes-
sionals frequently e-mail or phone each other while hunting for data.
If you cannot locate data that are publicly available, look to commercial 
data providers (see Table 1). There is an increasing number of commercial 
vendors that lease and sell GIS data. Commercial vendors offer a variety of 
raster and vector data such as topographic and administrative boundary da-
tasets, digital elevation models, digital orthophotography, satellite imagery, 
and digital georeferenced maps for a wide array of GIS applications.
When GIS data are not available or accessible for a given area, research-
ers must often derive the GIS data from map sources. This is most common 
when users need historical data or international data at a scale greater 
than 1:250,000. Maps must go through a process of conversion before they 
can be used within a GIS (Hohl, 1998; Lee & Pun, 2001). They must be 
converted to a useable GIS form either by using digital imaging technol-
ogy or a digitizing tablet. Maps are digitally imaged either by overhead 
photography or by a large-format scanner. The digital map image is then 
georeferenced, which converts the digital image from a nonreal-world co-
ordinate system (image space) to a real-world coordinate system (Verbyla & 
Chang, 1997). Next, the user digitizes or traces (vectorizes) the necessary 
features on-screen (heads-up digitizing) and encodes the features with 
the appropriate information. Using a digitizing tablet, the user tacks the 
map or a copy of the map on the digitizing tablet, registers the map to 
the tablet, and then traces or extracts features using the digitizer puck. 
Depending on the number of features, digitizing can be a severely labor 
intensive process. This process of data conversion or data development is 
widely used in the mapping industry. If a library does not have access to 
the necessary equipment for digitization, many maps can be ordered in 
digital form from government agencies and commercial data providers. It 
is important to note that just as GIS data can supplement a printed map 
collection, printed maps can supplement a GIS collection. Therefore, the 
acquisition or inclusion of maps in print and digital form can be a valuable 
part of a GIS collection development strategy.
In short, be prepared to spend time looking for data. However, the more 
one does it, the easier it gets. The Web sites become easier to fi nd and 
navigate, and the data portals become easier to use. After a while, public 
agencies and commercial dealers occasionally contact the GIS librarian 
when they have new GIS data available for distribution.
A GIS collection is not built over a month or a year but matures over 
time. The collection development process requires a fundamental under-
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standing of the characteristics and uses of spatial data. It also requires the 
use of online resource guides and spatial search engines as well as the de-
velopment of relationships with the user community, data providers, GIS 
professionals, and other librarians. In the formation of a GIS collection de-
velopment strategy, library professionals should incorporate the established 
collection development policy, needs of the GIS user community, campus 
GIS services, and library infrastructure. When making decisions regarding 
GIS data acquisition, the library professional must also consider cost, avail-
ability, license agreements and distribution policies, documentation, data 
structures, and software and hardware. Utilizing each of these resources 
and incorporating each of these issues should help library personnel build 
a valuable GIS collection.
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Abstract
State and local governments increasingly license digital spatial data, 
the dissemination of which by academic libraries requires specifi c 
legal and operational considerations to reconcile license conditions 
with public access. We examined this in the context of the American 
Geographical Society Library (AGSL) at the University of Wiscon-
sin–Milwaukee during 2000-05. Wisconsin open records law protects 
the right of access to public records, and geographic data is intended 
to be in the public domain. Despite this, Wisconsin counties have 
dramatically increased their use of licenses for geographic data, and 
the use of these licenses has never been challenged under Wisconsin 
open records law. The AGSL negotiates existing licenses, conveying 
to users the licensing conditions and reassuring the data produc-
ers. We developed user sublicenses including copyright statements, 
original licensor’s names, and signed user agreements to the terms 
of the original licenses. Each user agreed that failure to comply with 
these terms would result in disciplinary action. For security reasons, 
all licensed data were delivered on CD-ROMs, which incorporated 
the licensing information, forced users to sign the sublicense, and 
insured discussion of the licensing issues. To insure consistency, we 
developed policies and procedures to be followed for each type of 
data request. We also provided to faculty members and students 
instruction sessions dealing with data availability and acquisition.
Introduction
Digital geographic information is among the most rapidly growing 
components of many academic libraries (Kinikin & Hench, 2005). One 
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sector of this information—licensed digital spatial data—presents specifi c 
opportunities and problems for librarians. Although the situation in each 
individual library will refl ect its size, the nature of its collections, and its mis-
sion, certain issues are universal, including legal considerations. Freedom 
of information laws at the federal level and open records laws at the state 
level infl uence access to digital spatial data. Here, we examine these issues 
in the context of the American Geographical Society Library (AGSL) at 
the University of Wisconsin–Milwaukee (UWM) during the period 2000-05, 
when we held positions there as digital spatial data librarians.
The AGS Library
The AGSL is a unit within the UWM Libraries and is one of the largest 
geographical collections in the world. The library contains over one million 
items, including maps, charts, atlases, globes, photographs, monographs, 
periodicals, and digital spatial data (AGSL, 2006). The last of these, which 
includes both electronic statistical and geographic data, is of growing im-
portance to and is increasingly used by UWM faculty and students. The 
number of electronic fi les distributed by the AGSL increased by 3,601 
percent from 2000-01 (1,026) to 2004-05 (37,974). Over the same period, 
the number of data CD-ROMs and DVDs burned increased 364 percent, 
from 119 to 552 (AGSL, 2005).
UWM has a conspicuous Geographic Information Systems (GIS) com-
munity that supports the library in its role as a campus data center. A cam-
pus-wide interdisciplinary GIS council was formed in 1990 in the early stages 
of GIS development at UWM, and anyone interested in GIS is encouraged 
to participate. The council includes representatives of the UWM informa-
tion technology (IT) department, librarians, research scientists, and faculty 
and students from academic units including architecture, urban planning, 
geography, civil engineering, anthropology, urban studies, business, and 
economics. The AGSL is the main campus unit that actively collects and 
archives digital spatial data fi les on behalf of the UWM GIS community.
Serving a wide range of disciplines and user groups requires that the 
AGSL collect a wide range of digital spatial data. These data are inherently 
diverse in terms of origin, format, and geographic and temporal coverage. 
Data formats are raster (for example, digital orthophotography, satellite 
imagery, and Digital Elevation Models [DEMs]), vector (such as Computer 
Aided Design [CAD] drawing fi les or GIS vectors) and tabular (statistics 
and attribute fi les). Geographic coverage ranges from global to county 
or city level, even as localized as a quarter-quarter-section. Time ranges 
may be continuous (for example, the Milwaukee real property master fi les 
since 1975), irregular series, or one-time snapshots. Data producers include 
federal, state, and local governments, educational institutions, nonprofi t 
organizations, and commercial enterprises.
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Data Types
The AGSL’s digital spatial data collection is dominated by three catego-
ries of information: research data, public registry and administrative data, 
and commercial data. These are the data types most frequently requested 
by patrons.
The research data is primarily information collected by federal gov-
ernment agencies for their own purposes. In general, primary users of 
research data are government agencies that use the data in policy mak-
ing and administration. Secondary users include academics, the general 
public, and commercial interests, which may repackage and market the 
data (Eechoud, 2004). Research data is attractive to GIS users because it 
is widely available, in the public domain, and useful in a broad range of 
applications (Eechoud, 2004). U.S. Census Bureau and U.S. Geological 
Survey datasets typify this category and serve general or scientifi c research 
purposes. They contain no private information, and the data is presented 
at a relatively small scale.
The AGSL also holds state and local government research datasets and 
directs patrons to relevant Internet sources. For example, current Wisconsin 
Department of Natural Resources (WDNR) digital spatial data are available 
at the WDNR Web site (www.dnr.state.wi.us/maps/gis/geolibrary.html) and 
archived data fi les are available in the AGSL.
Public registry and administrative data constitutes the foremost category 
of data requested in the AGSL. Public registry and administrative data is 
that collected by governments for specifi c legal and regulatory purposes, 
such as monitoring or regulating public and private activities like collecting 
taxes or regulating discharge of hazardous substances (Eechoud, 2004). 
This information includes land registry or cadastral data, law enforcement 
data, zoning permissions, and derivative land information such as street 
center lines with complete addresses.
The advantages of public registry and administrative datasets are numer-
ous. They are geographically accurate (that is, data are created at large scale 
with high precision) and are updated frequently. Moreover, longitudinal 
(time-series) data may be archived for the entire area of interest. However, 
public registry and administrative datasets are not always accessible, or ac-
cess may be regulated by legislation such as privacy laws.
Commercial data are acquired for reference use, for specifi c purposes 
or projects, or as a last resort when other data are unavailable. Commercial 
products may be relatively expensive but may be convenient, accurate, and 
scale appropriate. Commercial data acquired by the AGSL include high-
resolution aerial photographs, satellite imagery, CensusCD+Maps, business 
location data (as a part of the Environmental Research Systems Institute 
[ESRI] Business Analyst) and commercial street data. These were acquired 
mainly for faculty research when the information was not available from 
other sources.
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Legal Issues
Legal issues affect access to geographic data in general (Onsrud, 1995a, 
1995b, 2000). Issues of particular relevance to digital spatial data include 
public access, intellectual property rights, professional ethics, and licens-
ing. The essential issue is that of reconciling data producers’ restrictions 
with public access.
Public Access
The raison d’etre of public access to government information is to allow 
public evaluation of public offi cials’ conduct, to make available informa-
tion about public policy, to protect against secret laws and decisions, and 
to encourage informed participation in public affairs (Solove, 2004; Cate, 
Fields, & McBain, 1994; Friedley & Colbert, 1991; Braverman & Heppler, 
1981). Prior to 1966 there were no federal laws concerning access to govern-
ment information, but the prevailing opinion was that the U.S. Constitu-
tion implied such rights (Henrick, 1977; Board of Education, Island Trees 
Union Free School District No. 26 v. Pico 457 U.S. 853, 1982). During the 
Watergate crisis of 1974, Congress rewrote the federal “Government in the 
Sunshine” laws strengthening the right of access to government informa-
tion (Solove, 2004; Henrick, 1977). Freedom of Information (FOI) laws 
had been enacted by 1983 in all fi fty states and the District of Columbia 
(Solove, 2004).
Concerning geographic data in particular, the National Research 
Council states that “Government accountability and transparency require 
agencies to ensure that the ability to control scarce geographic data never 
becomes ‘outcome determinative’ for any political or judicial process . . . 
Transparency is important to agency adjudications and rulemaking, to 
petitions to Congress for new legislation, and to mount court challenges 
to illegal government acts” (2004, p. 161).
Copyright, Geographic Information, and Compositions
Copyright holders obtain exclusive rights to copy, display, distribute, 
adapt, and perform a protected work (Minow & Lipinski, 2003). These 
rights are extended as soon as an original idea, which shows a minimal 
level of creativity, becomes fi xed in a tangible medium (Minow & Lipinski, 
2003). With very few exceptions, federally produced government informa-
tion is not placed under copyright protection (Dansby, 1994; Cho, 1998). 
Some states allow copyright of public information, but others do not (Fish-
man, 2004). In terms of geographic data or databases, it is important to 
remember that copyright protects originality, not hard work (“sweat of 
the brow”).
Traditionally cartographers and producers of geographic data have 
relied upon copyright to protect the intellectual property of their works. 
The Supreme Court ruled in Feist Publications Inc. v. Rural Telephone Service 
Co. (499 U.S. 340, 1991) that facts per se are not copyrightable, but a slight 
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amount of originality, including the selection and arrangement of facts, is 
protected (Dando, 1991, 1993b). On these grounds, many cartographers 
and producers of geographic data believe that geographic data arranged 
within a database has copyright protection, even if the facts themselves do 
not. It is unclear, however, exactly what degree of originality in geographic 
databases is required to warrant protection. “Maps and photographic im-
ages, for example, often have been found to be copyrightable” (National 
Research Council, 2004, pp. 106–107). Others may extract, copy and use 
the factual information contained in the work as long as the creative ex-
pression is not copied These works, like factual databases, are said to have 
“thin” copyright (Karjala, 1995).
Section 107 of the Copyright Revision Act (1976) contains the statutory 
expression of “fair use” rights to use copyrighted materials. Under certain 
conditions, use is allowed for purposes such as criticism, comment, news 
reporting, teaching, scholarship, and research (Minow & Lipinski, 2003). 
Four factors are considered in determining if a use is “fair”: (1) the purpose 
and character of the use (whether commercial, nonprofi t, or educational), 
(2) the nature of the work (factual or otherwise), (3) the amount and sub-
stantiality of the portion used in relation to the whole, and (4) the effect of 
the use upon the potential market for or value of the copyrighted work (Mi-
now & Lipinski, 2003). These provisions are particularly relevant because 
many nonfederal public sector geographic data producers are concerned 
about liability, proper attribution, control of third-party redistribution, and 
inappropriate derivative reproduction of “their” data. The general consen-
sus is that copyright protection is not suffi cient. “Fair use and the misuse 
doctrine represent signifi cant limits on the copyright owner’s rights. The 
scope of their application is suffi ciently uncertain, however, that, where 
possible, parties should contract [license] for anticipated uses rather than 
rely on fair use doctrine or other uncertain legal doctrines to sanction the 
licensee’s activities” (National Research Council, 2004, p. 110).
It is obvious that some uses of geographic data constitute fair use, for 
example, using a factual geographic data database for teaching purposes. 
Here the data producer would most likely be concerned about redistribu-
tion of the data beyond the confi nes of the educational institution.
Geographic Data as Public Domain Information
Federal Offi ce of Management and Budget (OMB) Circular A-16 (1994) 
deals more specifi cally with geographic data as public domain information 
and includes provisions for “improvements in coordination and use of spa-
tial data” (OMB Circular, 1994). The OMB circular incorporates Executive 
Order 12906 (Coordinating Geographic Data Acquisition and Access: The 
National Spatial Data Infrastructure, NSDI), which require agencies to 
“adopt a plan . . . establishing procedures to make geospatial data available 
to the public, to the extent permitted by law, current policies, and relevant 
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OMB circulars” (National Research Council, 2004, p. 125). Similar to many 
federal laws, A-16 strongly advocates public availability and dissemination of 
geographic data acquired by the government (National Research Council, 
2004). The NSDI is a vision for a nationally shared catalog of geographic 
data from all levels of government. Federal agency participation is mandat-
ed, and programs have been instituted to encourage participation by state 
and local agencies. These programs include Geospatial OneStop (Phillips, 
2005), the National Map, and earlier less successful ventures. Some state 
and local governments are reluctant to cooperate in these efforts for several 
reasons, including the federal requirement that their licensed geographic 
data be placed in the public domain.
State government approaches to geographic data distribution vary 
widely on the basis of different justifi cations (Cho, 2005). “Some provide 
access rights on the basis of an exception to open records law, others de-
pend on the nature of the request that is made” (Cho, 2005, p. 73). Some 
agencies distinguish between “services” and “sales” (Wells & Tsui, 2005). 
Some make no distinction between geographic data and other types of 
digital databases (Cho, 2005), while others have enacted specifi c legislation 
concerning distribution of geographic data (National Research Council, 
2004). “Federal law permits state and local governments to assert copyright 
in works containing geographic data (if they otherwise meet the require-
ments for copyright protection). When consistent with local law, state and 
local governments may also maintain geographic data as secret, or restrict 
their use and redistribution” (National Research Council, 2004, p. 134). 
As a result, each state or local government agency may create policies that 
either impose prohibitive use conditions or provide open access to geo-
graphic data. Prohibitive conditions are place specifi c and localized; the 
underlying assumption, based on democratic principles as demonstrated 
in federal law and policies, is that the public has the “right to know.”
Licensing of Geographic Information
A license is a legal contract between two parties by means of which the 
licensor allows the licensee to use a data collection (Cho, 2005; Wells & Tsui, 
2005). Licenses are typically governed by state contract laws. “Contract law 
is about relationship building rather than simply attempting to either drive 
a hard bargain or to get out of a dispute” (Cho, 2005, p. 292). The licensee 
accepts certain restrictions on the use of the data, such as agreeing that no 
copying or further dissemination will occur. Parties can usually negotiate 
terms to come to a mutually agreeable arrangement. Until the mid-1990s 
it was uncommon for government agencies to license geographic data, but, 
since then, nonfederal public agencies have become more inclined to do so 
in order to limit the use of their data, limit their liability, or raise revenue 
(National Research Council, 2004; Wells & Tsui, 2005). Typically, licenses 
contain a statement of ownership and copyright, a product description 
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and statement of quality, warranties, disclaimers and indemnifi cation, any 
restrictions on use or resale, specifi cation of the length of the agreement 
and terms of renewal, cancellation terms, fees or in-kind exchange, and 
responsibilities for updates and error notifi cation (Wells & Tsui, 2005).
State and local governments, operating under different laws and poli-
cies, provide many reasons for electing to license geographic data. These 
typically include cost recovery, liability concerns, as a vehicle of proper attri-
bution, and to prevent third-party redistribution and derivative production 
(Dando, 1992, 1993a; Dansby, 1992; Holland, 1997; Onsrud, 1999; National 
Research Council, 2004; GITA, 2005). The specifi c goal of cost recovery has 
rarely been realized (Humphrey, 1995; Sears, 2001; Joffe, 2003; National 
Research Council, 2004). In 2003 the U.S. Geological Survey funded the 
Open Data Consortium (ODC) to develop a model data distribution policy 
for local governments in the United States. According to Joffe (2003, 2005), 
most local agencies that sell or license public data operate at a loss, with 
very few earning even modest revenues.
Open Records in Wisconsin
The Wisconsin legal system provides general guidance to both data 
producers and users within the state. In Wisconsin, as in most states, open 
records law protects the right of access to public records. Wisconsin Stat-
utes 19.31 thru 39, subchapter II, Public Records and Property (State of 
Wisconsin, 2004), begins with a declaration of policy (19.31) that presents 
the overriding principles governing the subsequent laws that deal with 
public records within the state. It reads in part:
In recognition of the fact that a representative government is depen-
dent upon an informed electorate, it is declared to be the public policy 
of this state that all persons are entitled to the greatest possible infor-
mation regarding the affairs of government and the offi cial acts of 
those offi cers and employees who represent them. Further, providing 
persons with such information is declared to be an essential function 
of a representative government and an integral part of the routine 
duties of offi cers and employees whose responsibility it is to provide 
such information. To that end, ss. 19.32 to 19.37 shall be construed in 
every instance with a presumption of complete public access, consistent 
with the conduct of governmental business. The denial of public access 
generally is contrary to the public interest, and only in an exceptional 
case may access be denied.
In every instance, complete public access to governmental business re-
cords, except in exceptional circumstances, is the policy of the state. This 
policy refl ects federal FOI laws and policies.
Section 19.32 provides defi nitions of “authority,” “local governmental 
unit,” and “record.” A record is “any material on which written, drawn, print-
ed, spoken, visual or electromagnetic information is recorded or preserved, 
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regardless of physical form or characteristics, which has been created or is be-
ing kept by an authority. ‘Record’ includes, but is not limited to, handwritten, 
typed or printed pages, maps, charts, . . . tapes (including computer tapes), 
computer printouts and optical disks” (State of Wisconsin, 2004).
Land Information in Wisconsin
Historically, Wisconsin has been at the forefront of efforts to modernize 
land records in the United States (Koch et al., 2001). Public agencies, cities, 
universities, and private-sector groups have worked individually and collec-
tively to institute a progressive system that was formalized in 1989 through 
the creation of the Wisconsin Land Information Board (WLIB). Wisconsin 
Acts 31 and 339 (1989) assigned the board responsibility for implementing 
the Wisconsin Land Information Program (WLIP) (Holland, 1994). The 
intent of the WLIP was to develop a “decentralized confederation of systems 
where those with existing land records responsibilities would continue 
to collect, maintain and keep custody of land information. . . . Through 
integration, this confederation of systems will be tied by formal and/or 
informal data sharing agreements” (WLIB, 1994, p. 1). To emphasize the 
objective of providing open access to geographic data, language was added 
to Act 339 specifi cally empowering the WLIB to utilize program revenue 
for “Systems Integration” (WLIB, 1994, p. 2). Defi nition of this term was 
requested by the legislature, and Systems Integration was subsequently 
defi ned as “the coordination of land records modernization at all levels of 
government to ensure that the information can be shared, distributed and 
used by all participants, including state and local government, the private 
sector and taxpayers” (Sec. 20.505(4) Wis. Act 339, 1989). According to the 
WLIB, the interpretation is meant to be literal and contextual in light of 
legislative and gubernatorial intent, and the objective of developing systems 
with shared data is “clear and unambiguous” (1994, p. 3). The policy sup-
ports the assumption that geographic data is intended to be in the public 
domain by statutory authority.
Despite this clear intent, between 1999 and 2002 Wisconsin counties 
increased the use of licenses for geographic data by over 100 percent and 
increased the use of copyright by 108 percent (Day, 2004). Use of these 
licenses for geographic data has never been challenged under Wisconsin 
open records law, so there are no legal judgments upon which to decide 
whether or not these licenses are legally binding. This leaves interpreta-
tion of the law open and leaves local authorities free to impose licenses, 
notwithstanding the “clear and unambiguous” nature of Wisconsin Act 339 
(WLIB, 1994; Shanley, 2005). Despite the ongoing ethical and legal debate, 
the AGSL and other Wisconsin libraries dealing with local government 
geographic data have only two choices: to negotiate the existing licenses 
or forgo access to the data.
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Accessibility Issues
Accessing research data at an academic library such as the AGSL is rela-
tively straightforward. Much federal, state, and some local government geo-
graphic information is available for download or purchase without cost or 
at the cost of reproduction. Libraries participating in the federal depository 
library program automatically receive selected geographic data produced 
by the federal government. By contrast, purchasing commercial data may 
or may not be relatively straightforward, depending on the company and 
their experience with libraries. Having generated the necessary funds to 
purchase the identifi ed data, negotiating the license agreement terms can 
be challenging. A librarian who is experienced in such matters may be able 
to handle the negotiation independently, but consultation with university 
legal counsel may be necessary in certain instances.
In terms of accessibility, the most diffi cult data to obtain is locally pro-
duced public registry and administrative data. Data producers may hesitate 
to distribute the information because it may contain personal or private 
information about citizens. They may also fear loss of control over the 
information (that is, property ownership) once the data is removed from 
their supervision. Additionally, the organization may want (or need) to 
recover the cost of data production and maintenance by charging not only 
for reproduction but also for data creation. Agencies also may not want to 
supply data because the effort to extract and package data is time -consum-
ing and is not their primary function (Cho, 2005; Wells & Tsui, 2005).
Another consideration is the value to the organization of the informa-
tion itself. Locally produced large-scale geographic data is often regarded 
as a commodity and is considered too valuable to disseminate at no cost 
or at the cost of reproduction only. Therefore, individual agencies may 
decide to implement geographic data distribution policies that contradict 
the federal open records law. Federal law permits state and local govern-
ments to employ copyright protection over their geographic data if certain 
requirements are met.1 Also, state and local governments are allowed to 
restrict access, usage, and redistribution of geographic data when it is con-
sistent with local law (National Research Council, 2004). The result is that 
there is no uniform policy governing access to geographic data produced 
by state and local governments. “Public policy that promotes the use of 
and access to automated geographic information differs widely among the 
states from the use of open records laws through to the public records and 
FOI laws. There seems no model that adequately addresses the power and 
commercial utility of GIS databases” (Cho, 1998, p. 141). There has been 
discussion of how local governments should provide access to geographic 
data since the early 1990s, but consensus among local data producers has 
not been reached yet.2
Other issues concerning access to geographic data include privacy and 
confi dentiality (Cho, 1998, 2005; Dillehay, 1993), liability (Cho, 1998, 2005; 
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Onsrud, 1999), and national security (Baker et al., 2004; Tombs, 2005). 
Data producers may not have clear guidelines about what, how, and to what 
extent personal information can be distributed in their geographic data. 
For example, some land information contains personal details, such as 
landowners’ names and contact information. Uncertainty about how open 
records laws apply to land information published on the Internet may delay 
decisions about data distribution to the public (WLIA, 2003).
Liability in the use of geographic information has long been a subject 
of interest in the geographic information community (Onsrud, 1999). 
The use of warranties and disclaimers is becoming the norm among data 
producers seeking to minimize liability exposure, although this does not 
protect them entirely (National Research Council, 2004).
Invoking national security as a reason to restrict access to local geo-
graphic data is relatively new and may impact future policy developments 
(Zellmer, 2004). For example, a township in New Jersey blocked a resident’s 
open records request by submitting utility geographic data that was later 
incorporated into the Department of Homeland Security’s Critical Infra-
structure Information program, hence preventing any public access (Lozar, 
2005; Tombs, 2005).
Managing Licensed Data at the AGSL
The logistics of handling licensed data at the AGSL during our tenure 
were complex and time-consuming. Each license required that data be used 
only by UWM students and faculty (occasionally staff), and each placed 
different restrictions on use and reproduction of the data. Conveying this 
information to users was a major concern of the data producers, and main-
taining their trust in this regard was imperative in order to obtain updates 
or new data (Harvey, 2003).
To address the concerns of the data producers, we developed a system 
of sublicensing each dataset. Submitting a copy of the sublicense to data 
producers usually convinced them that we were committed to complying 
with their original licenses and that we were taking appropriate steps to 
prevent misappropriation of the data beyond the university.
The system of sublicensing each dataset was developed with the assist-
ance of UWM legal counsel. After completing negotiations for any licensed 
data, a user sublicense was created with the restrictions of the original li-
cense presented in nonlegal terminology (see Appendix A). Each sublicense 
included a copyright statement, the original licensor’s name, the date, the 
user’s name (printed) and signature, and a statement that the user agreed 
to the terms of the original license. Each sublicense also included an agree-
ment that failure to comply with these terms would result in academic or 
nonacademic disciplinary action. Users also agreed in writing to return or 
destroy the data at the end of the semester in which it was requested. Each 
user was also informed of the restrictions verbally, and a blank copy of the 
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sublicense, additional to the copy completed by the user, was burned onto 
each CD-ROM distributed to protect the AGSL legally from any claim that 
a user was unaware of the restrictions.
To minimize paperwork and to track what geographical data had been 
distributed to each individual user, the sublicense form also served as the 
internal processing form. Users were made aware that the form they were 
signing was a legal document that the AGSL was required by law to keep 
for seven years (the statute of limitations in Wisconsin). Initially, we had 
argued that these forms should be considered circulation forms and there-
fore could be destroyed after the information was processed or at least 
at the end of each semester. This argument was overruled by UWM legal 
counsel, hence the requirement that the sublicense forms be retained for 
seven years.
Although public domain data were delivered via FTP, e-mail, CD-ROM, 
or the Internet, all licensed data were delivered on CD-ROM. In part this 
was for security reasons, in that the data could possibly be hacked off the 
Internet, even from a “secure” site. Using CD-ROMs also allowed us to 
include the licensing information, and it forced potential users to contact 
us in person, facilitating signing of the sublicense and insuring discussion 
of the licensing issues. We regarded discussion of the license as a teaching 
tool, conveying to users that data is licensed, it costs money, and there are 
consequences for its misuse. We charged a minimal processing fee ($2–3) 
to cover the cost of the CD and the staff time involved in repackaging each 
geographic area individually.
The majority of data requests were for Milwaukee County and surround-
ing counties in southeastern Wisconsin. The AGSL collected spatial data 
for as many Wisconsin counties as possible and other areas as requested. 
Upon receipt of the data, all available documentation (read me fi les, dis-
claimers, warrantees, metadata) was reviewed to determine the legal status 
of and restrictions upon each data fi le. Datasets were classifi ed into four 
groups: public domain, copyrighted, licensed, and restricted to in-library 
use only. Data producers were contacted if the legal status of any data was 
unclear. Some datasets, such as ESRI Data and Maps and the USGS/AGI 
Global GIS database series, are complex, with different restrictions apply-
ing to individual data fi les.
Hard copy documentation relating to datasets was scanned and stored 
electronically with the digital fi les so that it was available for distribution 
to users. To streamline processing and minimize uncertainty, hardcopy 
binders were created with the original license and the sublicenses arranged 
alphabetically by county. The digital fi les were arranged on the network 
in the same order. Since the AGSL holds both nonlicensed and licensed 
data, color-coded stick-on dots were placed on the CD-ROM cases in the fi le 
cabinets to differentiate between them. Only the most frequently requested 
data were located on the server.
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Student workers were repeatedly instructed always to check with the 
digital spatial data librarian if they were in any way uncertain about the 
conditions pertaining to data dissemination. An intern created fl ow charts 
(for an example, see Appendix B) for the most frequently requested data-
sets indicating the appropriate procedures to be followed for each request. 
These fl ow charts proved very valuable during student training and in 
day-to-day operations and were posted prominently for student workers 
to consult.
Instruction Sessions
One of the drawbacks in collecting and providing to university users 
a variety of digital spatial data is that such users become reliant upon the 
service and have little incentive to learn where and how to obtain the data 
themselves. Although users were encouraged to obtain licensed data via the 
AGSL, for pedagogic reasons and because of increasing demand they were 
urged to acquire public domain data themselves. Discussing data availability 
and acquisition in person proved useful in instructing users about procure-
ment methods, but we could reach relatively few individuals in this way.
To address this issue, we encouraged faculty members to invite us to 
classes utilizing digital geographic data. This allowed us to discuss various 
issues related to geographic data information, including how to fi nd and ac-
cess information on the Web and in the library, the spectrum of public and 
private data producers, copyright and licensing restrictions, and appropriate 
acknowledgment and citation procedures. This instructional service was 
provided in both introductory and advanced courses in geography, urban 
planning, architecture, civil engineering, and other disciplines. The well-
established GIS community on campus played a vital role in connecting us 
with faculty who use digital spatial data in their research and teaching.
Conclusion
The supply of and demand for licensed digital spatial data is increas-
ing rapidly. Although users potentially can obtain such data themselves, 
academic libraries will increasingly be expected to obtain and disseminate 
these resources. Understanding the legal issues pertaining to such data is 
paramount, and the AGSL provides a model for reconciling data produc-
ers’ restrictions with academic access.
The AGSL experience suggests that the greatest demand is for locally 
produced geographic data. In Wisconsin, such data is regulated by various 
and potentially confl icting statutes. Despite the “clear and unambiguous” 
assertion of Wisconsin Act 339 that geographic data is intended to be in 
the public domain (WLIB, 1994, p. 3), local government agencies remain 
at liberty to impose licenses on their geographic data because the use of 
such licenses has never been challenged under Wisconsin open records law. 
Between 1999 and 2002 Wisconsin counties increased the use of licenses for 
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geographic data by over 100 percent, and the AGSL and other Wisconsin 
libraries dealing with local government geographic data must either negoti-
ate these existing licenses or forgo access to the data.
Managing licensed data is complex and time-consuming. Licenses re-
strict use and reproduction of the data, and maintaining the producers’ 
trust in this regard is imperative. At the AGSL we accomplished this by 
developing a system of user sublicenses that were in compliance with the 
original licenses. For security reasons, all licensed data were delivered on 
CD-ROMs, which incorporated the licensing information, forced users to 
sign the sublicense, and insured discussion of the licensing issues. To insure 
consistency, we developed policies and procedures to be followed for each 
type of data request. We also provided to faculty members and students 
instruction sessions dealing with data availability and acquisition.
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Appendix A: User Sublicense Agreement
Appendix B: Student Flowchart
Notes
1. See more arguments on geographic data copyright protection and licensing issues in Cho 
(1998, 2005), Dando (1992), Holland (1997), and Petersen (1994).
2. Discussion about geographical data access issues and licensing can be found in legal pe-
riodicals and local government related periodicals, such as GIS Law and various URISA 
publications. Examples of current attempts to set up data access and distribution policy 
are available from organizations that deal with geospatial data issues, such as the National 
Research Council, Committee on Licensing Geographic Data and Services (2004), Open 
Data Consortium (Joffe, 2003), and Geospatial Information and Technology Association 
(GITA, 2005).
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Building a System to Disseminate Digital Map and 
Geospatial Data Online
Tsering Wangyal Shawa
Abstract
The expectation of library patrons to get all of the information they 
need, including geographic information, accessible on their desk-
tops has created challenges to map and Geographic Information 
System (GIS) libraries. This new expectation has forced libraries to 
think about how to design a system that will allow diverse geographi-
cal information to be available over the Internet. Some libraries 
have built a site to distribute localized data, others have developed 
a system to make only maps accessible online. Princeton University 
Library’s Digital Map and Geospatial Information Center started a 
pilot map scanning project in early 2004 to build a system, to develop 
specifi cations for scanning maps and compressing TIFF images to 
JPEG2000 fi le format, and to establish workfl ows. The system was 
built using many off-the-shelf commercial software packages. This 
article discusses challenges of building a system and explains how 
Princeton developed a scanning process and standards, workfl ows, 
and what lessons were learned in building such a system.
Introduction
Libraries purchase and receive geospatial data and paper maps free 
of charge through the Federal Depository Library Program (FDLP). One 
of the requirements of the FDLP is to make all the materials distributed 
through it freely accessible to the public. Because of this requirement and 
demands from library users to make all the materials accessible on their 
desktops, many libraries scan their paper maps and make them accessible 
online. However, one major problem libraries face is how to design a system 
that will allow the user to search, view, and download diverse geospatial data 
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and digital maps. This article examines the challenges of creating such a 
system and explains how Princeton University Library’s Digital Map and 
Geospatial Information Center has designed a system that will allow the 
library to integrate various forms of geographic information and make 
them accessible online from one interface.
Challenges
There are numerous challenges in making geospatial data and digital 
maps accessible over the Internet. Many libraries have used ESRI’s ArcIMS 
and ArcSDE, and relational databases such as Micosoft’s SQL Server, Oracle, 
etc., but they were not very successful in making diverse collections of digital 
maps and geospatial data accessible online from one interface. This was 
due to the following reasons:
• Disseminating digital maps and geospatial data via ArcIMS technology 
is not practical for libraries when they have a great quantity of material 
covering different parts of the world at different scales and in different 
formats.
• There is no simple way to view and download vector geospatial data 
stored in ArcSDE without creating ArcIMS image or feature services. 
Using ArcIMS to build image and feature services to view and download 
vector data is not only time consuming but also uses a lot of processing 
power on a server.
• Many libraries are scanning large historical maps and aerial photographs. 
Some of them are georeferenced but many are not. Disseminating these 
types of materials with vector geospatial data is a real challenge.
• The fi le sizes of scanned maps and geospatial data could vary from a few 
megabytes to a gigabyte. Making a large fi le accessible over the Internet 
is a challenge.
• Designing a system that has easy workfl ows and ease of maintenance is 
diffi cult.
Because of these reasons, I spent a few years testing different server 
side technologies to build a system that will not only allow our library to 
organize and manage digital maps and geospatial data with easy workfl ows 
but will also allow users to search, browse, view, and download different 
formats of geographic information. Some of these formats include scanned 
historical/present maps, aerial photographs, satellite images, and vector 
geospatial data. The advantage to building such a system is that all kinds 
of geographic information can be integrated, managed, searched, and ac-
cessed from one interface. Geographic information can range from maps 
and geospatial data to photographs of places, etc. Many libraries have de-
signed systems to disseminate maps and geographic data online, but the 
focus is either regional or item specifi c. In order to build an integrated 
system to disseminate diverse geographic information, I started a pilot map 
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scanning project in early 2004. The goal of the project was to design systems 
and specifi cations for scanning maps and to establish workfl ows.
System Design
Before designing a system I had to research what kinds of software pack-
ages were available. The Environmental Systems Research Institute (ESRI) 
server software packages were some of the most sophisticated software 
packages on the market and some of the most easily available to academic 
institutions because of ESRI educational licenses. The ESRI server software 
packages could handle most of the things that I wanted to accomplish. For 
instance, storing data in ArcSDE provides the fl exibility to make data ac-
cessible to ArcMap users over the Internet and to store data in a relational 
database management system (RDBMS). However, there are some limita-
tions to the software. The ESRI server software packages assume that all the 
data will be made accessible online via ArcIMS and will be georeferenced. 
That leaves out all the scanned maps or aerial photographs that have no 
georeferenced information. Another limitation with the ESRI software is 
that if data are stored in ArcSDE, the only way for a non–ESRI software 
user to access these data over the Internet is to build some sort of ArcIMS 
service and make it viewable and downloadable in shapefi le format. This 
server design forced me to look for different software packages that offer 
the ability to disseminate non-georeferenced scanned maps and aerial pho-
tographs online and provide users with the option to view and download 
vector data straight from ArcSDE.
After understanding the pros and cons of using ESRI server packages, I 
built a system using ESRI server software packages such as ArcIMS Metada-
taServer, ArcSDE, Micosoft’s SQL Server database, and ArcCatalog. I also 
used off-the-shelf commercial software packages such as Safe Company’s 
SpatialDirect/FME and Mapping Science’s GeoJP2 Encoder and Decoder 
and Image Server. I used ArcCatalog to create metadata; ArcIMS Meta-
dataServer, ArcSDE, and SQL Server to publish and store all the meta-
data and geospatial vector data; and SpatialDirect and FME to access data 
from ArcSDE and convert ArcSDE data into more than thirty different 
fi le formats. I used GeoJP2 Encoder to convert and compress TIFF fi les to 
JPEG2000 (JP2) and Image Server to serve JP2 images over the Internet 
without plug-ins. I was able to create fi ve databases (Metadata, Gazetteer, 
GISdata, SpatialDirect, and PUMapData) in the SQL server to store various 
components of our data. The Metadata database stores all the metadata 
records, the Gazetteer stores gazetteer information to help search a place 
name more easily, GISdata stores all the vector data, SpatialDirect stores all 
the vector records to interact with FME software, and PUMapData stores 
basic information of scanned maps and creates unique image fi le names. In 
addition to these databases, I also created two folders in our server to store 
JP2 images. One is for holding public domain materials, and the other is 
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for storing copyrighted maps. Both of the folders are linked to JP2 Image 
Server. See Figure 1 for a diagram of this system.
Scanning Process
Before the scanning work was started, I researched how other institutions 
were scanning maps and why specifi c resolutions were used. The Library 
of Congress scans cartographic materials at 300 dots per inch (dpi) with 
tonal resolution of 24-bit color and saves fi les in TIFF non-compressed fi le 
format. The British Ordnance Survey (OS) scans maps between 254 dpi and 
400 dpi in a non-compressed TIFF fi le with 256 colors. The United States 
Geological Survey (USGS) has done a lot of map scanning work. The main 
goal of the OS and USGS scanning work is to convert paper map informa-
tion into digital geospatial data. The USGS has scanned differently scaled 
USGS maps, extracted map information, and created geospatial data such 
as digital elevation models (DEMs), digital line graphs (DLGs), and U.S. 
Census’s TIGER street data. In researching what resolutions were used, I 
found that the USGS Digital Raster Graphics (DRGs) made before Octo-
ber 2001 were scanned at the resolution of 250 dpi. However, most DRGs 
made after October 2001 have scan resolutions of 500 dpi. The colors of 
the scanned maps were reduced to a standard color map of 13 colors. The 
goal of most map scanning projects is to preserve map information and 
extract data from the map for geospatial analysis.
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Figure 1. System Design
An in-house test proved that scanning a paper map (USGS 1:24,000 
topographic map) at 400 dpi with 256 colors versus 500 dpi with 24-bit color 
shows very little difference. In fact, most of the large-format sheet-fed scan-
ners that are currently on the market have around 400 dpi as actual/optical 
scanning resolutions. Scanning a map higher than the scanner’s optical 
resolution is basically interpolating actual optical resolution, which means 
the number of pixels and fi le size increase but better map information is 
not necessarily captured. After reading about and testing different scanning 
options, I came to the conclusion that a minor visual quality improvement 
hardly justifi es the larger fi le sizes (500 dpi with 24-bit color: fi le size 441MB; 
400 dpi with 24-bit color: fi le size 278MB; 400 dpi with 256 color: fi le size 
96.2MB). Nor does it justify the extra time it takes to scan and save the 
image. Therefore, I decided to scan paper maps at 400 dpi optical resolu-
tion with 256 colors, since scanning a map to preserve map information 
for later Geographic Information Systems (GIS) use and scanning a map 
as artwork are two different things. The objective of this scanning project 
was to preserve map information, so it was not important to capture all the 
subtle color differences or color “noise” generated by the condition of the 
paper and the printer. Maps published by the USGS usually use less than 
13 colors, and storing a scanned map as 256 colors is more than enough 
to preserve map information.
After making the decision on what resolution to scan the maps, I also 
needed to research what was the best compression ratio to encode the TIFF 
fi le into JP2 fi le format. By performing different compression tests I found 
that 10:1 was the best compression ratio in terms of visual result and fi le 
size. The maps were scanned at 400 dpi with 256 colors and were saved in 
a non-compressed TIFF fi le format for archival purposes. The TIFF im-
ages were then compressed using GeoJP2 software into JP2 fi les with 10:1 
compression ratio for online access.
Once scanning resolution and compression ratio standards were es-
tablished, the maps were scanned without making much effort in color 
balancing, image cleaning, or other changes in image processing software. 
One exception to this was that the images were cropped to delete white 
space that was not part of the map. Any pencil marks on a map were erased 
before it was scanned. In the initial stage, our library scanned maps cover-
ing different parts of the world to organize them in different geographi-
cal regions and to test how browsing options worked on the Metadata 
Explorer’s page.
Workfl ow
The maps scanned as part of this project were cataloged in the GEOMAP 
database (our local map cataloging database). Before a map was scanned, 
the catalog record was located in the GEOMAP database and used to enter 
brief information in the PUMapData database. A simple Microsoft Access 
258 library trends/fall 2006
interface was used to connect to the PUMapData database, which is located 
in the SQL server. Once a connection was made, a staff member entered 
brief information about the scanned map, such as the title, publication 
date, and description of how the map was scanned and encoded, etc., 
in the PUMapData database. After entering the basic information, the 
database allowed us to generate a sample text fi le consisting of the infor-
mation entered in the database along with a unique ID and the time and 
date the map was scanned. This was used as a brief metadata record and 
was encapsulated with the scanned map when it was encoded into the JP2 
fi le. The unique ID was also used as a fi le name for the scanned map. The 
scanned map was saved as a non-compressed TIFF fi le. Afterwards, all the 
scanned maps were compressed (encoded) with text generated from the 
PUMapData database, using Mapping Science’s GeoJP2 Encoder software. 
Once the maps were compressed, they were moved to JP2 folders in our 
server. The public domain maps were moved to a normal JP2 folder. If the 
scanned map was copyrighted, it was moved to another folder called “Copy-
righted.” The maps from this folder are accessible only at one computer in 
the Map Library. The non-compressed TIFF fi les were moved to a specially 
designated hard drive space for archiving.
Once maps were in the JP2 Image Server folders, metadata records were 
created with ArcCatalog software. All the scanned maps were individually 
cataloged using the International Organization for Standardization (ISO) 19115 
metadata standards. At this stage, the GEOMAP database was accessed in 
order to pull the compressed map catalog record using a GN number (all 
the scanned maps that were cataloged in GEOMAP database have this 
unique number). Most of the GEOMAP catalog record is used for creating 
metadata for scanned maps in the ArcCatalog. Once a metadata record is 
created, it is published to the ArcIMS MetadataServer. As soon as metadata 
is published, a scanned map is immediately accessible to our users. Before 
publishing metadata, we created different folders in the MetadataServer 
that are based on some geographical hierarchy such as continents, regions, 
etc. (for example, North America à United States à New Jersey à Mercer 
County à Princeton). These folders are used for publishing our metadata 
records and will help our users to browse and select a map based on some 
well-known geography hierarchy.
After publishing the metadata, the scanned map ID and name were 
entered in the Excel spreadsheet with a note stating the metadata record 
was created. If somehow a metadata record could not be created or there 
was a problem with a compressed image, that information was entered in 
an Excel spreadsheet for a substitute record.
Vector data workfl ow processes are slightly different. First the data were 
uploaded in the ArcSDE using ArcCatalog, and SpatialDirect’s Spatial As-
sistant connected ArcSDE tables (this connection allows SpatialDirect to 
read the data directly from ArcSDE without creating ArcIMS services). After 
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making the connection between ArcSDE and SpatialDirect, we opened 
SpatialDirect’s Administration Interface Web page, created a map image, 
generated a unique URL, and entered the necessary information such as fi le 
name and size in the database called SpatialDirect. This database is located 
on the SQL server. We then opened ArcCatalog and made a connection 
to the ArcSDE database. We selected data and created a metadata record 
for that data, and while creating the record we inserted a unique URL that 
was generated in SpatialDirect in the Online Linkage space. Next we saved 
the metadata record and published it in the ArcIMS metadata server. The 
published metadata and data were then ready to search, view, browse, and 
download from Metadata Explorer immediately. Figure 2 shows a snapshot 
of a Metadata Explorer page.
How the System Works
This system helped the library develop an easy workfl ow and also helped 
patrons search and browse geographical information including geospatial 
data, maps, and aerial photographs from one interface without searching 
different databases. The system has also allowed our library to scan copy-
righted maps in addition to those in the public domain. Copyrighted maps 
are scanned for two purposes: for archival reasons and to give a general 
picture of how a map looks. This is possible because the scanned materi-
als that have metadata records also have thumbnail images of the map. 
This thumbnail image of the map will give our user some idea of whether 
the map in our library will be useful for his/her research. If we did not 
provide this option, users would need to come to the Map Library to look 
at the maps.
This system design has given our patrons the option of accessing our 
materials on their desktops, either by searching or by browsing. Once the 
material is found, a user can click on the View Map Icon to view a map as a 
digital image or vector data. If it is a public domain map, the user can view 
and download the map in either JPEG or TIFF. If the map is georeferenced, 
the user can not only view the map but can also download it in JPEG and 
TIFF with a world fi le. This allows patrons to use a downloaded map in GIS 
software. If it is a copyrighted map, then another window will pop up with a 
message stating it is copyrighted material and that the map is not accessible 
over the Internet but can be viewed at the Map Library.
If the user is accessing vector data, the system will force the user to type 
his/her user name and password. User names and passwords are necessary 
to protect misuse of SpatialDirect/FME software. These software packages 
are free for academic institutions for educational use, but the Safe Company 
does not allow use of the software by the general public. Once the proper 
information is provided, a general coverage of the map will be shown, 
which allows the patron to download the fi le in more than thirty different 
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fi le formats. This has allowed our users, who may not use ESRI software, to 
access and download data in their preferred software fi le formats.
Lessons Learned
Building a digital data infrastructure has helped me to understand what 
resources are needed and how to build such a system. I found that it is 
crucial to get support from the systems department, a database special-
ist, and a programmer to design a system; without their help it would be 
very diffi cult to build and maintain a system. To continue with scanning, 
creation of metadata, and uploading of vector data in ArcSDE, having a 
dedicated support staff is essential. Based on these experiences, we have 
found that hiring student workers may not be the best option. The high 
turnover among student workers every semester demands too much time 
and resources for training. This high turnover can also lead to inconsistent 
quality of work.
Throughout this project, we found it was important to make the library 
administration understand what size of disk space we needed for our work. 
After I was initially given a server with roughly 300 GB space, I informed 
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Figure 2. Sample Metadata Explorer Page
our administrator that this was not enough. I suggested a minimum of a 
few terabytes of server space to continue with our map scanning project 
and making geospatial data accessible online. Unlike other digital projects, 
scanned maps and geospatial data take up a lot of disk space, and therefore 
it is important for the library administration to understand the need for 
the larger amounts of disk space to continue with the work. In addition to 
disk space, I also learned from my experience the importance of building a 
redundancy system on our server so that if anything unexpected happens, 
our services will remain accessible to our users. Because of this, we decided 
to move our system to a new server that is based on a cluster server. This 
server has two nodes, both of which will be running the same application 
but data will be stored in another drive. This server design will help us to 
build a redundancy system. The fi nal lesson that I learned was the need to 
create an alias name for the server. This way, when we move the project to 
another server, we can keep the same alias server name and will not have 
to change the Web page address/name.
Conclusion
The pilot map scanning project was very helpful to our library. It helped 
us build a system that will allow our library the fl exibility of disseminating 
diverse geographic information over the Internet. Before the system was 
built we did not have the tools to make maps, aerial photographs, and geo-
spatial data accessible online from one interface. The project allowed us to 
use a new fi le format called JP2 and to develop our map scanning and fi le 
compression standards, which we continue to use. It helped us to estimate 
the size of disk space we need to continue making our diverse geographic 
information available to our library users online. It also helped me make 
our administrator aware of what supports and resources were needed to 
integrate diverse collections of geographic information and make them ac-
cessible online. One of the goals in designing this system was to encourage 
other libraries to build similar systems for their own use. In addition, the 
project led me to ask the president of ESRI to develop a similar system for 
the map and GIS library community. If ESRI does design such a system, my 
hope is that it will minimize the complexity I found in integrating different 
software packages. Whether libraries manage to build their own systems 
or are able to use a new package from ESRI (if they do design such as sys-
tem), I hope that more libraries will be encouraged to make their diverse 
geographic data accessible online from one interface.
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Libraries as Distributors of Geospatial Data: 
Data Management Policies as Tools for 
Managing Partnerships
Gail Steinhart
Abstract
Libraries can bring substantial expertise to bear on the collection, 
curation, and distribution of digital geospatial information, mak-
ing them trusted and competent partners for organizations that 
wish to distribute geospatial data. By developing a well-thought-out 
data management and distribution policy, libraries can defi ne the 
parameters of a data distribution partnership and reinforce a data 
provider’s confi dence in the library’s role as a data custodian and 
distributor. In developing a policy, data distributors are advised to 
consider such issues as intellectual property rights, liability issues, 
distribution methods and services, data and metadata management 
practices, security risks posed by geospatial data, and user limitations. 
This article describes the most common elements of data sharing 
and distribution agreements and describes the development of a 
data management policy for the Cornell University Geospatial In-
formation Repository (CUGIR).
Introduction
Although libraries are generally not producers of geospatial data, they 
are effective institutions to serve as distributors of geospatial data within 
larger spatial data infrastructures (SDIs). The process of managing distri-
bution partnerships with data providers touches on virtually every aspect 
of managing and distributing digital data. This article will present a brief 
overview of some of the issues infl uencing organizations’ decisions to share 
data and distribute data, the strengths libraries bring to data distribution, 
and an overview of issues that a library, acting as a data distributor, should 
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consider when formulating data management policies or agreements. The 
article concludes with a description of the process of developing a data 
management policy for the Cornell University Geospatial Information Re-
pository (CUGIR).
Evolution of Attitudes Toward Data Sharing 
and Distribution
Born digital, geospatial data lends itself to distribution via the Internet. It 
is easily reused, well-developed standards for metadata exist, and while there 
are multiple proprietary formats for geospatial data, some are cross-plat-
form and many applications are capable of reading or importing multiple 
formats. Initiatives at local, state, and national levels and beyond encourage, 
or at times require, producers of geospatial data to share or distribute data 
publicly. Systems such as the National Spatial Data Infrastructure gateways 
and Geospatial One-Stop (in the United States) exist to facilitate discovery 
of and access to geospatial data from multiple providers.
The benefi ts of sharing for providers and users of geospatial data are 
generally well recognized. Specifi c benefi ts to a data provider depend on 
its mission and mandates, data needs, and the type of sharing or distribu-
tion arrangements the organization enters into. Some of the benefi ts of 
sharing or distributing data may include
• enhancing interorganization activities by sharing information
• enabling the reuse of geospatial data by other organizations and 
resulting cost savings
• improving and correcting errors in data in response to feedback from 
users
• fulfi lling public data distribution requirements
• developing competencies in and promoting data and metadata 
standards.
When a data provider enters into a partnership with a data distributor, 
additional benefi ts may accrue: the data provider may receive support or 
consulting services for metadata development; the distributor’s services may 
make the data discoverable by new or additional means; and the distributor 
may take responsibility for being the fi rst point of contact for data users.
Early development of data-sharing arrangements and SDIs was some-
times characterized by reluctance on the part of data producers to share 
data. Where the direction and management of the relationship was per-
ceived as top-down and remote, there may have been resistance to partici-
pation. Issues related to the potential loss of local control were the main 
reason for resistance to data sharing; and some of these issues included 
meeting local requirements for data management and access, standards 
requirements (particularly for metadata), time requirements, management 
of data updates, and cost (Meredith, 1995).
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There has been substantial progress in sharing data and developing SDIs 
over the last several years, but in some cases these concerns persist. Harvey 
(2003) asserts that trust is fundamental in establishing partnerships and 
sharing data. A survey of local government agency contacts in Kentucky 
showed that while local governments share data in a variety of ways, these 
relationships are based on trust rather than formal agreements. Nearly 
half of Harvey’s survey respondents had no data-sharing agreements. What 
formal agreements Harvey did encounter were largely post-hoc agreements, 
formalizations of informal and preexisting arrangements. In a survey of 
agencies whose activities affect transportation systems, where most of the 
responding agencies recognized that sharing data can enhance interagency 
coordination, Zimmerman (2002) also found that about half the agencies 
she surveyed had a formal data-sharing policy. These agencies report shar-
ing data with other agencies as well as distributing information on travel 
conditions to the public. Respondents reported protecting their interests 
in the data they shared by a variety of means, although most of these were 
relatively unrestrictive and the most common practice was a requirement 
to acknowledge the source agency.
On a national level, in the United States federal laws and regulations 
have infl uenced the data-sharing and distribution policies of federal agen-
cies. One of the most important of these is OMB Circular A-130 (Offi ce of 
Management and Budget, 1996), which governs the management of fed-
eral information resources, pursuant to the Paperwork Reduction Act. Its 
most salient provisions are that federal agencies should actively disseminate 
public information without restrictions or conditions and that data should 
be provided at not more than the cost of dissemination. States also often 
have policies in place mandating or encouraging the sharing of informa-
tion among agencies or with the public; Cho (2005) reports that every state 
has a statute or policy related to Geographic Information Systems (GIS) 
data distribution. In New York State, Technology Policy 96-7 establishes the 
New York State GIS Data Sharing Cooperative and encourages data sharing 
among state and local agencies (Governor’s Task Force on Information 
Resources Management Technology, 1997).
In spite of some apparent lingering concerns regarding loss of local 
control over data, there has been an evolution of thought with respect 
to data sharing with SDI participation. Masser (2005) describes several 
such trends in SDI development. One is the movement from a product-
focused model—that is, the development of datasets and databases—to a 
process-focused model—the ongoing management, updating, creation, and 
distribution of data. Architectures have evolved as well, from centralized, 
top-down structures to more distributed models. Finally, management func-
tions are maturing from formulation to implementation and are becoming 
suffi ciently fl exible to accommodate multiple levels of participation and 
new organizational structures. If these trends hold true, it would seem 
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many of the early objections to data sharing and SDI participation are less 
important than they once were, that the nature of SDIs has evolved in such 
a way that some of these concerns have been effectively addressed, or that 
various mandates have simply removed these concerns as signifi cant bar-
riers to data sharing and distribution.
Why Partner with Libraries for Data Distribution
Libraries can be effective participants in SDI development and data 
distribution and have a proven track record as partners in data distribution, 
evidenced by their role in the Federal Depository Library Program (Mc-
Glamery, 1995). Libraries also possess well-developed expertise in several 
related areas, including collection development, archival practices, catalog-
ing and indexing, development of platforms for discovery and distribution, 
and education and user support. In a paper on the creation of the New 
York State GIS Clearinghouse, Dawes and Oskam (1999) described an im-
portant additional characteristic that made the New York State Library, the 
original operator of the clearinghouse, an effective partner in a statewide 
effort to distribute GIS data: the library was perceived as a neutral party. 
Making a New York State agency the primary distributor may have given 
the appearance that a particular agency was the leader with respect to GIS 
operations, but the library was not perceived as a rival by other New York 
State agencies. This characteristic neutrality of libraries can be important 
for establishing trust with prospective data providers. Finally, many librar-
ies, either by virtue of their participation in the Association of Research 
Libraries’ (ARL) GIS literacy project, or through their own deliberate de-
velopment of expertise in GIS technology and services, have acquired the 
more specialized knowledge of GIS and geospatial data that is required to 
support a distribution system (Herold, 1997; McGlamery, 1995).
Managing Partnerships
Libraries are generally recognized as trusted custodians of information, 
and one of a library’s core responsibilities is to manage information in such 
a way that both safeguards the integrity of the information and facilitates 
access. Libraries acting as partners in the distribution of geospatial infor-
mation must both meet these core responsibilities and ensure that the 
requirements of the cooperating data providers are met. Creating a data 
management and distribution policy can serve to clarify and make explicit 
both participants’ expectations and lend predictability and stability to data 
distribution arrangements.
Three types of participants are involved in the distribution of geospatial 
data: data providers (the creators of geospatial data), data distributors (who 
may be the same as the data provider or may be a third-party distributor), 
and data users. The channels of communication between the participants 
may be unidirectional or bidirectional and are illustrated in Figure 1. Com-
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munication between data providers and distributors may be bidirectional, 
with both parties having the opportunity to specify their own policies and 
terms and accepting the other party’s, or they may be entirely dictated by 
the data distributor. Both the data distributor and the data provider may 
wish to impose certain restrictions on the use of data, to exempt themselves 
from liability, and to communicate other information to the user. This infor-
mation is usually communicated unilaterally, by means of end-user license 
agreements, use constraints or other information included in a dataset’s 
accompanying metadata, or other terms of use, such as those posted on a 
Web site. In the case of terms imposed on the end-user by the data provider, 
while the information to be conveyed may be determined by the provider, 
the communication is usually accomplished by the distributor.
Distribution partnerships may range from very open to fairly specifi c 
and restrictive in terms of the degree of oversight and control exercised 
by either the data provider or data distributor. As evidenced by the lack 
of universal creation and adoption of data-sharing and distribution agree-
ments, management of various aspects of such partnerships may be formal 
or informal. More formal arrangements may take the form of legal contracts 
or nonbinding agreements or policies. One drawback to legal contracts is 
the obligation to negotiate terms with each partner, and in some cases, a 
nonbinding agreement or policy may be the preferred approach (Longhorn 
et al., 2002). Existing models of formal statements of data-sharing practices 
include agreements and contracts published by various governmental agen-
cies, data repositories, and archives, both for geospatial data specifi cally 
and for other types of data more generally. Among GIS practitioners and 
creators of geospatial data, many agreements are bilateral, governing the 
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Figure 1. Communication between Participants in Geospatial Data 
Distribution
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exchange of data between two organizations, rather than distribution ar-
rangements between a data provider and a data distributor. Nevertheless, 
many of the same issues and principles apply whether the communication 
is intended to facilitate sharing or exchange of data between two parties 
or it is intended to facilitate distribution of data more broadly (Danger-
mond, 1995).
Elements of Data-Sharing Agreements
To identify the most common elements of data-sharing agreements, 
policies, and contracts, sixteen actual and sample or model agreements 
were reviewed (see Table 1). These were found by searching the Internet, 
visiting individual data repositories and locating relevant documentation, 
and reviewing literature on best practices for data sharing and distribution. 
The most common elements were identifi ed and summarized in Table 2.
There is no single approach to articulating data management and dis-
tribution practices, data-sharing agreements, or the terms of these types of 
partnerships. Some agreements include information both on the details of 
managing the relationship between two parties as well as information on 
actual operations, including data management practices. Other agreements 
focus primarily on the former, with data management practices outlined 
separately. A complete treatment of all the potential elements of a data-
sharing policy or agreement is beyond the scope of this article; hence, 
following a brief overview of the elements listed in Table 2, this discussion 
will focus on those topics in which libraries have particular strengths and 
where CUGIR has signifi cant experience: data management and collection 
development policies, including some issues related to the management 
of security concerns with respect to geospatial data.
Defi nitions and Procedural Information
Defi nition of terms and procedural information is fairly standard and 
straightforward material in contracts. This information serves to identify 
the participating organizations and, in the case of contracts, to outline the 
rules of engagement for executing, amending, and terminating agreements, 
as well as dispute resolution.
General Legal Issues
Applicable law, or jurisdiction, is commonly declared in contracts. It is 
of little relevance in agreements that are nonbinding. Intellectual property 
rights in geospatial data are likely to be a matter of copyright, but copy-
right law with respect to geospatial information is not clear-cut. Facts are 
not copyrightable, but compilations of facts or databases may be if they 
entail suffi cient creative expression. Some argue that the representation 
of geographic features leaves no room for creative expression in the con-
text of geographic information systems without adversely impacting the 
accuracy of the information or greatly diminishing its value by depicting 
Table 1. Data-Sharing Agreements, Policies, and Contracts Reviewed for This article
 Type  Type  
Organization of Data of Agreement Reference
Charlevoix County  Geospatial Cooperative Charlevoix County GIS  
 GIS Program    Program, 2004
County of Hunterdon,  Geospatial Usage County of Hunterdon, 
 New Jersey, Division of     New Jersey, Division of 
 Geographic Information     Geographic Information
 Systems    Systems, n.d.
Geography Network Geospatial Distribution Environmental Systems
    Research Institute, Inc.
    (ESRI), n.d.
GeoNOVA Geographic Geospatial Cooperative, Barrington Consulting
Gateway to Nova Scotia  distribution,   Group, 2005
  usage 
Geospatial One-Stop Geospatial Distribution Geospatial One-Stop, n.d.
Global Biodiversity  Various Distribution Global Biodiversity
 Information Facility (biodiversity)   InformationFacility) 
 (GBIF)    (GBIF), n.d.a; Global
     Biodiversity Information 
    Facility (GBIF), n.d.c
Global Biodiversity  Various Usage Global Biodiversity
 Information Facility (biodiversity)    nformation Facility  
 (GBIF)    (GBIF), n.d.b
Macomb County (MI)  Geospatial Cooperative Macomb County (MI) GIS
 GIS Services Division     Services Division, 2002
MetroGIS Geospatial Cooperative,  MetroGIS, 2004
  distribution
New York State Offi ce Geospatial Cooperative, New York State Offi ce of 
 of Cyber Security and   distribution  Cyber Security and 
 Critical Infrastructure     Critical Infrastructure
 Coordination  ,   Coordination, 2005
North Carolina and State Geospatial  Cooperative North Carolina Center for
 of North Carolina      Geographic Information
 Centerfor Geographic      and Analysis (CGIA), n.d.
 Information and 
 Analysis (CGIA)
Open Data Consortium  Geospatial Distribution Joffe, 2003
 Project 
Somerset County,  Geospatial Cooperative Somerset County, New 
 New Jersey    Jersey, n.d.
U.S Global Change  Various General  USCGRP Data and
 Research Program (global change policy  Information Working
 research)    Group, 2002
University of Michigan  Geospatial Distribution University of Michigan
 School of Natural     School of Natural
 Resources and       Resources and 
 Environment    Environment, 2003
Wyoming Geographic  Geospatial General policy Wyoming Geographic
 Information Advisory     Information Advisory 
 Council (WGIAC)     Council (WGIAC), 2000
Note: This table include actual agreements and policies, as well as recommended or model 
agreements and policies. Cooperative agreements refer to agreements made between two or 
more parties that govern the sharing or use of data by one or more of the parties. Distribution 
agreements are agreements between a data provider and a data distributor. Usage agreements 
are agreements or conditions posted on a Web site or otherwise specifi ed by a data distributor. 
General policies describe the goals and policies of organizations that coordinate data-sharing 
activities and may lack specifi c information on the responsibilities of participants.
or transmitting it in a nonstandard way (Onsrud & Lopez, 1998). Others 
argue that there is substantial latitude for creative expression, especially 
cartographic expression, even in digital form (Cho, 2005). Contract law 
and licensing agreements present alternatives to copyright protection when 
a data provider or distributor must retain a proprietary interest in data 
(Onsrud & Lopez, 1998). Regardless, the law is not entirely settled on 
this issue, so agreements should clearly state whether the data provider 
claims copyright, what rights are transferred to the distributor, and appli-
cable distribution permissions and limitations (Committee on Licensing 
Geographic Data and Services, 2004). In addition, derived or value-added 
datasets and products may present complex intellectual property rights 
issues (Longhorn et al., 2002).
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Table 2. Common Components of Data-Sharing and Distribution Policies
Component Issues to Consider
Defi nitions Defi nitions of terms and acronyms
Procedural Information Primary points of contact
 Duration of contract or agreement
 Applicable fees
 Procedures for amendment
 Procedures for notifi cation
 Procedures for dispute resolution
 Procedures for termination
General Legal Issues Applicable law
 Intellectual property rights, including  
 distribution permissions and limitations
 Liability statements
Distribution Methods and Services Modes of distribution (media, Internet, direct 
 database connection, Web services)
 Distributor-provided services such as data 
 extraction and reformatting
Data Management Practices Verifi cation of provider’s authority to make data 
 available for public distribution
 Distributor’s collection development practices
 Data requirements and standards
 Metadata requirements and standards
 Maintenance and improvement of data
 Archival policies and practices
 Limitations on access to data
 Policies and procedures for accepting and 
 distributing sensitive data
 Privacy and confi dentiality policies
End-User License Agreement Terms Statement of copyright
 Limits to warranty
 Liability statements
 Attribution requirements
 Use restrictions
 Redistribution limitations
 Delivery of derivative works to data provider
 Rights in value-added datasets
Liability in the use of geospatial data generally arises because the data are 
used to make decisions, and errors in the data that result in inappropriate 
decisions or actions are at the root of liability cases. The issues are usually 
ones of contract law and warranty (Onsrud, 1999). An additional liability 
risk posed by the distribution of geospatial data is infringement upon in-
tellectual property rights (Cho, 2005). In either case, strategies to manage 
liability risks might include disclaimer statements and management prac-
tices that explicitly track and document data quality. Such practices include 
evaluating and documenting data currency, accuracy, and lineage. Much 
of this information can be expressed in geospatial metadata (Cho, 2005).
Distribution Methods and Services
Geospatial data may be distributed by a variety of means, on- or offl ine. 
Modes of online distribution for geospatial datasets may include data re-
positories, data clearinghouses, direct connections to databases, and Web 
mapping applications.
Data-related services that might be provided by a distributor could include 
extraction of parts of a dataset or reprojection of a dataset, either manually 
upon request or by providing users with Web-based tools. Some data distribu-
tors may add value to datasets by supplying additional attribute data.
Data Management Practices
Data Provider’s Authority to Make Data Available for Public Distribution To 
guard against infringement of copyright or other applicable laws, it is es-
sential that the data provider have the authority or permission to allow the 
public distribution of the data in question.
Distributor’s Collection Development Practices Some aspects of collection 
development policies and issues related specifi cally to geospatial data are 
listed in Table 3. Elements of a collection management policy may infl u-
ence, or be infl uenced by, general decisions related to data and metadata 
management. A policy can ensure consistency in collection development 
and can help guide decisions when resources for acquiring items are lim-
ited. For some GIS data, there may be no cost to acquiring data, but a 
signifi cant amount of staff time may be required to process new datasets, 
create or edit metadata, and maintain and support the distribution system. 
Criteria that might be considered in any collection development policy 
also apply to geospatial data, such as subject area and geographic scope 
and data format, but even these raise specifi c questions with respect to 
geospatial datasets.
Data Requirements and Standards Data distributors should give some 
thought to several characteristics of data they might distribute. File format 
is one important consideration. There are many geospatial data formats; 
some are proprietary and not all are equally accessible in all GIS software 
applications. Whether data must be georeferenced and projected, and 
whether there is a preferred coordinate system, are also important con-
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siderations. Finally, distributors should consider their preferred units of 
distribution. This can apply to geographic units (should fi les be distributed 
by the largest or smallest possible areas?), and also to whether it is prefer-
able to distribute packages of related fi les or if data should be distributed 
in single layers.
Metadata Requirements and Standards Metadata are essential for pro-
viding the means to discover geospatial data, for users to evaluate a da-
taset’s fi tness for use for their particular application, and for document-
ing important information about a dataset. The Content Standard for 
Geospatial Metadata (CSDGM) (Federal Geographic Data Committee, 
2000), promulgated by the Federal Geographic Data Committee (FGDC), 
is currently the most widely used standard in the United States. The 
International Standards Organization (ISO) has published an interna-
tional standard for geographic metadata (International Organization for 
Table 3. Elements of Collection Development Policies
Policy Element Issues to Consider
Subject Scope What is the subject scope of the collection?
Geographic Scope What is the geographic scope of the collection?
 If the geographic scope is defi ned by political boundaries, how 
 should datasets that are distributed by nonconforming or 
 overlapping boundaries (such as watersheds or 7.5 minute quad 
 sheets) be treated?
Data Quality Are there minimum standards for data quality?
 Does the responsibility for maintaining standards of data quality 
 rest with the original data provider or with the repository?
Distribution Constraints What distribution constraints apply to the library or repository?
 Is the repository to be the sole distributor of the data or may the 
 data be distributed by other channels?
 What distribution constraints apply to end users of data in the 
 repository?
Security Issues Do the datasets under consideration pose security risks?
 Does the repository accept for distribution datasets that may 
 pose a security risk, and if so, does the repository restrict access 
 in any way to such datasets?
Metadata Availability Is metadata required for the datasets?
 Does the responsibility for creating metadata rest with the 
 original data provider or with the repository?
Metadata Standards Is adherence to a specifi c metadata standard required?
 Is adherence to a specifi c metadata standard the responsibility 
 of the original data provider or the data repository?
 Does the repository provide support to data providers for 
 creating standards-compliant metadata?
File Format Are specifi c fi le formats supported or not supported?
 Are proprietary or open (platform- and application-
 independent) formats favored for distribution?
 Will the same data be provided in more than one format?
Unit of Distribution Is it preferable to distribute data fi les individually or as packages?
 What are the preferred geographic units for distribution?
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Standardization, 2003) that defi nes the schema required for describing 
geographic information and services, and various groups are working to 
harmonize the CSDGM and ISO standards. If they have the resources to 
do so, data distributors may offer data providers some guidance in creat-
ing standards-compliant metadata. Finally, distributors may want to add 
supplementary information to a data provider’s metadata. Such addi-
tions might include additional contact or liability information pertain-
ing to the distributor and enhancements or improvements to metadata. 
Maintenance and Improvement of Data Currency and accuracy are two criti-
cal aspects of geospatial data. Data providers may need to provide updated 
or corrected datasets for distribution. Whether a new version of a dataset 
represents an update or a correction and the disposition of superseded 
datasets should be considered.
Archival Policies and Practices When geospatial data are to be distributed 
by a party other than the creator of the dataset, both groups should be clear 
as to whether preservation or archival services are to be provided and by 
whom. RLG’s report on trusted digital repositories (RLG-OCLC Working 
Group on Digital Archive Attributes, 2002) and audit checklist for certi-
fying trusted repositories (RLG-NARA Task Force on Digital Repository 
Certifi cation, 2005), and the Open Archival Information System (OAIS) 
reference model (Consultative Committee for Space Data Systems, 2002) 
provide useful guidance with respect to digital preservation in general. 
Others have considered the special challenges presented in preserving 
geospatial data (Brown, Welch, & Cullingworth, 2005; Center for Inter-
national Earth Science Information Network, 2005). Even if preservation 
services are not provided by the distributor, some geospatial datasets are 
updated frequently, and the distributor will need to distinguish between 
updates and new versions (Hyland, 2002).
Limitations on Access to Data Limitations on who may access data may 
take the form of written statements, such as end-user license agreements, 
or technological controls, such as user authentication. Levels of access 
for different users may take the form of read- or view-only access controls 
or methods of distribution.
Policies and Procedures for Accepting and Distributing Sensitive Data A dis-
tributor is well advised to consider whether it wants to take responsibility 
for distributing data that may pose a security risk and what procedures 
must be in place to ensure the security of the data in its collection. For a 
thorough review of these issues, as well as a framework for assessing the 
risks associated with geospatial datasets, see the Rand Corporation report 
on the topic (Baker, 2004). The Rand report framework takes into account 
three main characteristics of geospatial information: usefulness to would-
be attackers, uniqueness of the information, and the potential costs and 
benefi ts associated with restricting access.
Privacy and Confi dentiality Policies The high degree of geographic speci-
fi city that exists in some geospatial datasets makes it imperative that data 
providers and distributors consider the protection of the privacy of personal 
information (VanWey et al., 2005). Both should ensure that their practices 
are in compliance with the privacy policies of their institutions and any 
applicable laws. The Federal Geographic Data Committee’s (1998) policy 
on personal information privacy also serves as a general guide to protect-
ing the information privacy of individuals while promoting public access 
to geospatial data.
End-User License Agreement Terms
End-user license agreements (EULAs) serve to communicate a data 
provider or distributor’s terms to an end-user. These terms may include 
statements of copyright, limits to warranty and liability, attribution require-
ments, and user and redistribution limitations. In addition, it is useful to 
recognize two types of end users—consumers and “value-added” users, 
who may improve or integrate datasets and redistribute them as new prod-
ucts (de Sherbinin & Chen, 2005). Additional requirements may apply to 
value-added users, such as requirements to deliver derivative works to the 
original data provider and statements of rights in value-added or deriva-
tive datasets.
Developing a Data Management Policy for the Cornell 
University Geospatial Information Repository
About CUGIR
Created in 1998, the Cornell University Geospatial Information Re-
pository ( http://cugir.mannlib.cornell.edu/) is an online repository pro-
viding access to digital geospatial data and metadata for New York State. 
As a service of Albert R. Mann Library, the library serving the College 
of Agriculture and Life Sciences and the College of Human Ecology at 
Cornell University, the focus of the collection is on features and data rel-
evant to agriculture, ecology, natural resources, and human-environment 
interactions. The CUGIR workgroup is responsible for the development 
and maintenance of the repository and usually consists of four to fi ve staff 
from public services, information technology services, technical services, 
and collection development.
 At its inception, a grant from the FGDC’s cooperative agreements pro-
gram made possible the conversion of TIGER/LINE fi les to GIS format, 
and the CUGIR collection consisted entirely of data from the U.S. Census 
Bureau. Soon after, the New York State Department of Environmental Con-
servation (NYSDEC) and the Soil Information Systems Laboratory (SISL) at 
Cornell University began distributing their data via CUGIR. There are now 
more than a dozen CUGIR data providers, which include national, state, 
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and local agencies, as well as members of the academic community and 
the private sector. Currently, the repository has more than 7,500 datasets, 
has supported more than 350,000 downloads since 2001, and provides Web 
mapping for selected datasets. All data fi les are cataloged in accordance 
with the FDGC CSDGM and made available in widely used geospatial data 
formats. CUGIR is a participating node of the National Spatial Data Infra-
structure (NSDI) and registered publisher with Geospatial One-Stop. CU-
GIR is one of two statewide clearinghouses for GIS data in New York State 
and coordinates its efforts with the New York State GIS Clearinghouse.
Implementing the CUGIR Data Management and Distribution Policy
The CUGIR work group recently implemented a data management and 
distribution policy. A primary motivation in developing the policy was to 
communicate our data management and distribution practices to our data 
providers. While all of our data providers were probably already aware of 
how we manage and distribute their data and metadata, because our prac-
tices sometimes include modifi cations to data or metadata and distribution 
or publication beyond CUGIR itself, we thought we should document our 
practices and share this information with our data providers. A secondary 
purpose in creating the policy was to formalize a security review process 
that was initiated following a request to disable the entire repository some 
time after the terrorist attacks of September 11, 2001.
The process began with a review of the literature and data-sharing agree-
ments and policies described in the fi rst part of this article. We identifi ed 
the main elements that should be included and drafted a policy. We con-
sidered the possibility of creating a legal contract rather than a policy, but 
after consulting with Cornell University legal counsel, we decided against 
this for two reasons. First, because much of the geospatial data distributed 
via CUGIR are in the public domain or are available with no or minimal 
restrictions, issues of intellectual property are simple or nonexistent. Sec-
ond, we could not discern signifi cant enough benefi ts to having a legal 
contract that would justify the burden or risk of negotiating agreements 
with the legal representatives of numerous organizations, including state 
and federal agencies. CUGIR may be considered unique compared to gov-
ernment-based repositories because participation by providers is voluntary 
rather than legally mandated. The Governor’s Task Force on Information 
Resources Management Technology (1997) Policy 97-6 on GIS Data Shar-
ing directs all New York State public agencies to “share in the creation, use, 
and maintenance of GIS datasets” and to deposit their data with the New 
York State Clearinghouse. No such mandate exists for CUGIR. Neverthe-
less, some issues related to data management and distribution seemed to 
warrant a formal expression of CUGIR’s data management and distribu-
tion practices, if not a legal contract. The probability of our data providers 
approving an informal policy seemed much greater than if we required a 
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legally binding agreement. We asked Cornell University legal counsel to 
review the fi nal draft policy, and then sent it to three of our data providers 
for preliminary review. Two had no comments, and one had comments 
that resulted in minor revisions. We then sent the policy to all of our data 
providers, along with a data inventory for each provider. We asked for 
their approval of the policy, as well as updates to the information on the 
inventory. No data providers had any objections to the policy, and as of 
this writing we are awaiting approval or information from only two data 
providers.
Elements of the CUGIR Data Management and Distribution Policy
Our policy addresses three main areas: data and metadata management; 
security; and use, distribution, and rights (CUGIR Work Group, 2005a). 
CUGIR also has a separate collection development policy (CUGIR Work 
Group, 2003).
Data and metadata management Our concerns with respect to data and 
metadata management have to do with issues of fi le format, geographic pro-
jection, updates to data, metadata management and harvesting, and Web 
mapping. Our guiding principles for establishing guidelines with respect 
to format and projection were to maximize the utility of CUGIR data. This 
meant promoting the use of commonly used fi le formats and projections 
appropriate to the extent and location covered by the data. CUGIR does, 
on occasion, request permission from the data provider to distribute the 
dataset in a format or projection other than the original.
We also wanted to be explicit about the disposition of superseded data-
sets. There is signifi cant interest in being able to track change over time in 
a particular location, and if possible, we prefer to make older versions of 
data available. However, under some circumstances an update to a dataset 
may represent a change in legal boundaries, and the data provider may 
prefer to have only the most current data available. The data inventories we 
sent to our providers included what information we had on whether older 
versions of their datasets should remain publicly available. In some cases, 
we had no information, and the process clarifi ed for us how we should 
handle updated datasets. We should also note that while CUGIR attempts 
to maintain copies of superseded datasets or other datasets even if they are 
no longer available for public use, it does not serve as a preservation reposi-
tory for geospatial data. A possibility for future work in this area is to assess 
our collection to identify datasets that are good candidates for preservation 
and to develop the capacity to preserve geospatial data.
Finally, we wanted to convey information about our metadata man-
agement and harvesting practices. Because CUGIR participates in various 
geospatial data clearinghouse initiatives, all data available in CUGIR must 
have FGDC CSDGM metadata. In some cases, CUGIR metadata librarians 
will work extensively with a data provider to create or improve metadata. 
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As the data distributor, we also add information to and enhance the origi-
nal metadata, replacing the provider’s metadata with our version. Addi-
tions include Library of Congress place names and keywords, as well as 
distributor contact and liability information for Mann Library. In addition 
to clearinghouse initiatives, CUGIR converts metadata records to MARC 
format for inclusion in Cornell’s library catalog, as well as online union 
catalogs such as OCLC’s WorldCat and the Research Libraries Information 
Network (RLIN).
Security The terrorist attacks of September 11, 2001, substantially in-
creased awareness of and concern about the security risks posed by freely 
accessible geospatial information. In February of 2002 the New York State 
Director of Public Security issued a memo to agency heads in New York 
State, directing them to immediately conduct a review of all sensitive infor-
mation in the agencies’ possession and made available to the public by any 
means (OMB Watch, 2003). CUGIR was not one of the original recipients 
of the memo but learned from user inquiries at that time that the New 
York State GIS Clearinghouse was offl ine. After CUGIR staff contacted the 
clearinghouse, Mann Library received a copy of the security memo by fax 
and was asked to disable access to the site pending a full content review 
(Hyland, 2002; Martindale, 2002). The library and CUGIR staff, in consul-
tation with Cornell University legal counsel, decided not to disable the site 
because the directive was intended for state agencies, which CUGIR and 
Mann Library are not. Instead, we decided to conduct the content review 
as requested, inform the data providers of the results, and act accordingly. 
Before the review was completed, one data provider requested that access to 
all of their data be disabled while they conducted their own content review. 
Although an operating principle of CUGIR is that access to the collection is 
free and unrestricted, the CUGIR work group honored this request. We felt 
it was important to do so in order to maintain trust in the data distribution 
partnership. Eventually, access to all but three datasets was restored.
This experience led us to consider permanently formalizing the security 
review of datasets at the point of addition to the repository so we would have 
that information at hand in the event of any similar requests in the future. 
We reasoned that it would be easier and faster to defend a decision to keep 
the repository online if we could provide documentation on the security 
risks (or lack thereof) posed by the data in the collection. It is worth reit-
erating that the focus of the collection is largely on geospatial data related 
to the environment and natural resources. There is little information on 
critical infrastructure, but the collection does contain, for example, digital 
raster graphics, which do depict facilities such as power plants and dams. 
On the other hand, digital raster graphics are widely available from other 
sources and as paper maps.
The initial security review of CUGIR data was based on two factors 
(Martindale, 2002): inherent risk (utility of the information to potential 
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attackers) and distribution level (availability of information from other 
sources). Each dataset was assigned a numeric score for these risks and for 
distribution level. The scoring scheme was loosely based on a preservation 
risk assessment model used by Mann Library for numeric data the library 
makes available online in cooperation with the United States Department of 
Agriculture (Hyland, 2002). These two factors correspond nearly perfectly 
to two of the three factors identifi ed in a report published by the Rand 
Corporation (Baker, 2004); they were adopted to update the security assess-
ment of all CUGIR datasets in 2005 and to establish a procedure for security 
assessment. The Rand report framework also takes into consideration the 
costs and benefi ts of restricting access to geospatial information. Because a 
fundamental principle of CUGIR is that the information in the collection 
is freely available, we did not incorporate the third factor—the costs and 
benefi ts of restricting access to geospatial information—into our assessment 
procedure. This revised CUGIR data security assessment procedure (CUGIR 
Work Group, 2005b) guided our updated review and was sent to all active 
CUGIR data providers for their input. Upon completing the review, active 
data providers were asked to approve or suggest changes. Only minor changes 
were requested (adjusting a score up or down one point, at most).
Use, Distribution, and Rights CUGIR provides unrestricted access to 
geospatial data. The one exception we make with respect to this policy is 
to honor security-related requests made by our data providers. We permit 
data providers to impose use constraints, as long as they are not in confl ict 
with the rest of our data management policy.
As noted earlier, intellectual property issues with respect to data distrib-
uted via CUGIR are simplifi ed by the fact that much of it is in the public 
domain or otherwise free of copyright and other distribution restriction.
Collection Development Policy
CUGIR’s collection development policy was developed about two years 
before the rest of the data management policy. Some elements of the data 
management policy are briefl y addressed in the collection development 
policy, but in general the collection development policy is more narrow in 
scope. The policy describes the overall nature and purpose of the reposi-
tory, acknowledges CUGIR’s data providers as the owners of the data in 
the repository, and provides guidelines for the scope of the collection. The 
policy also includes some suggested requirements of data and metadata, 
although the data and metadata guidelines have already been discussed in 
more detail in the context of the newer data management policy.
In terms of collection scope, the policy addresses both subject and geo-
graphic scope. Generally, most New York State data related to natural re-
sources, the environment, and human-environment interactions are appro-
priate for inclusion in CUGIR. Examples of such data include topography, 
soils, hydrology and water resources, environmental hazards, agricultural 
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activities, wildlife, and natural resource management. We have included 
datasets from immediately adjacent areas when those data may provide some 
benefi t to CUGIR users. To date, that practice has been limited to some 
digital raster graphics in neighboring states along the New York State bor-
der. The policy also stipulates that CUGIR’s distribution policy is an open 
one and that there is no requirement that CUGIR be the sole distributor 
of any datasets.
Lessons Learned
Developing a data management policy forced us to consider all aspects 
of our data management and distribution practices. Because we already had 
a collection development policy in place that addressed several important 
issues related to data management, our most signifi cant motivations for 
developing the policy had to do with communicating our practices that 
result in modifi cations to a provider’s data or metadata and collecting 
additional information from our data providers to help us better manage 
their data.
We have not operated with our data management policy in place long 
enough to evaluate the results, but we are encouraged by the fact that none 
of our data providers had any objections to the policy and pleased that the 
process helped us update our records about how certain datasets should be 
managed. Some of our providers were surprised by the question of what to 
do with superseded datasets and had to give the issue some thought before 
responding. For data providers with whom we have infrequent contact, 
the process provided us with an opportunity to “check in” with them and 
provide them with some assurance that we are attentive and responsive 
to their needs with respect to data management. We are also pleased to 
have complete security risk information at hand, which would permit us 
to respond and make decisions quickly in the event of any future requests 
to restrict access to data in the repository.
Conclusion
Libraries can bring substantial expertise to bear on the collection, cu-
ration, and distribution of digital geospatial information. This expertise 
makes libraries trusted and competent partners for organizations that wish 
to distribute geospatial data. Managing and distributing geospatial data 
raises some unique concerns, including information privacy, security issues, 
complex and unsettled legal issues related to intellectual property rights, 
and preservation challenges. In formulating data management and distribu-
tion policies, libraries or other organizations entering into data distribution 
arrangements with data providers are well advised to consider the main 
components of data-sharing and distribution policies described here and to 
identify those that are most important and relevant to them. This should be 
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done with an eye toward the library’s level of commitment to maintaining 
the various components of a data distribution system. CUGIR, for example, 
provides a fairly high level of service in the area of metadata preparation 
and consulting. Data distributors who choose not to commit that much staff 
time to metadata development may elect to have strict requirements that 
all data providers supply the distributor with standards-compliant metadata 
and provide no additional enhancements or processing. In general, whether 
in the form of a legal contract or a less formal policy, a well-thought-out 
data management policy can clarify the expectations of participants, guard 
against future misunderstandings, and provide stability and predictability 
in transactions between participants.
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Abstract
Over the course of the past fi fteen years the role of Geographic In-
formation Systems (GIS) has changed signifi cantly. Initially the role 
of the map library was confi ned to that of building and providing 
access to collections of hard copy maps and imagery. Later, digital 
data, whether on CD-ROMs or network based, was added as a new 
type of resource within that collection and service model. By the late 
1990s some academic libraries began to take on a Web map server 
role, providing interactive Web mapping access to collections of 
digital geospatial data. In the new era of distributed, interoperable 
map services, libraries will have an opportunity to explore new roles 
as portals to streaming content available in the form of geospatial 
Web services. At the same time, the increasingly ephemeral nature 
of digital geospatial content will make even more critical the need 
to address the long-term digital preservation challenges that are 
facing geospatial content.
This article focuses on two major geographic information issues facing 
academic libraries as well as libraries in general. First, what role should 
libraries play in the development and utilization of emerging geospatial 
Web services? Second, how should libraries address the challenge of long-
term preservation of digital geospatial data in light of a shift to distribution 
methods that make the content ever more ephemeral?
Introduction
Over the course of the past fi fteen years the role of Geographic Informa-
tion Systems (GIS) has changed signifi cantly. Initially the role of the map 
library was confi ned to that of building and providing access to collections 
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of hard copy maps and imagery. Later, digital data, whether on CD-ROMs 
or network based, was added as a new type of resource within that collec-
tion and service model (Journal of Academic Librarianship, 1995, 1997). 
By the late 1990s some academic libraries began to take on a Web map 
server role, providing interactive Web mapping access to collections of 
digital geospatial data. In the new era of distributed, interoperable map 
services, libraries will have an opportunity to explore new roles as portals 
to streaming content available in the form of geospatial Web services. At 
the same time, the increasingly ephemeral nature of digital geospatial con-
tent will make even more critical the need to address the long-term digital 
preservation challenges that are facing geospatial content.
This article will focus on two major geographic information issues fac-
ing academic libraries as well as libraries in general. First, what role should 
libraries play in the development and utilization of emerging geospatial Web 
services? Second, how should libraries address the challenge of long-term 
preservation of digital geospatial data in light of a shift to distribution meth-
ods that make the content ever more ephemeral? Specifi c experiences with 
engaging geospatial Web services and with instituting preservation-focused 
action responses will be drawn from the North Carolina State University 
(NCSU) Libraries data services program and the North Carolina Geospatial 
Data Archiving Project, a cooperative effort with the Library of Congress 
and the NC OneMap Initiative.
Brief Overview of Digital Geospatial Data Services in 
Academic Libraries
There are many components of academic library GIS services. At the 
core is the data collection, but accompanying the data is a mix of services 
that vary from campus to campus. A brief summary of typical service com-
ponents follows.
Data Collections
Libraries acquire, license, catalog, make discoverable, archive, and carry 
out value-added processing on digital geospatial data. While, in the United 
States at least, much data is available in the public domain, the data is not 
always organized or readily accessible in such a way as to allow the user to 
easily sort through the wide range of data options available, and effort is 
required to make such freely available data discoverable. Furthermore, in 
order to improve data availability it is sometimes necessary to acquire and 
license additional commercial or fee-based government data for use. In 
some cases libraries also engage in large-scale value-added work—retiling, 
projecting, or otherwise converting and reorganizing data resources into 
a more convenient form for the libraries’ target audience.
Data Discovery Tools and Support
Libraries support the discovery, selection, and use of geospatial data. While 
the most common form of promoting access to data collections has been the 
development of Web documentation for data collections, in some cases search-
able databases of geospatial metadata are also made available. Data resources 
may also be included in the library’s catalog, but the catalog is not usually the 
most effective vehicle for exposing or searching for digital geospatial data.
Technical Support
The line between providing reference support for fi nding and selecting 
data and providing actual technical support for using the data is a blurry 
one, and it has become more common for academic libraries to play a 
prominent role in providing technical support to GIS users. At NCSU, for 
example, the library holds one of four “right to call” spots for the campus 
Environmental Systems Research Institute (ESRI) site license and provides 
technical support as needed to campus users. Libraries also play varying 
roles in supporting campus software licenses, facilitating distribution of 
software, and troubleshooting installations.
Workshops and Training
As an extension of reference and technical support many libraries offer 
workshops on a variety of topics such as introductory GIS, data discovery, 
or use of specifi c software tools. The mix of workshops offered often re-
fl ects the sort of reference and technical support demands placed on the 
library. Increasingly, in-library workshops have now been complemented by 
and even supplanted by online training resources. At NCSU, for example, 
the library supports over 600 registrations per year for the ESRI Virtual 
Campus online courses.
Marketing and Outreach
Another academic library function, which goes hand-in-hand with work-
shops, is marketing and outreach—promoting geospatial resources and 
services to the campus community. GIS activity typically initially takes root 
in one or just a few core departments where there is a high level of activity 
and support. Meanwhile, latent demand exists in a broad range of academic 
disciplines where awareness of geospatial tools and resources is lacking, 
or where there is a perceived barrier to entry in terms of lack of access to 
tools, data, training, and support. Libraries, as a neutral space focused on 
customer service, are well positioned to cultivate new GIS users by promot-
ing the use of geospatial tools and content and by providing ready access 
to software, data, training, and support. At NCSU the number of academic 
departments engaged in GIS grew from fewer than ten to thirty-fi ve within 
just a few years as a result of combined campus and library efforts to develop 
a campus GIS infrastructure.
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Evolution of Technical Approaches to Delivering Geospatial Data
The manner in which libraries have provided access to geospatial in-
formation has changed signifi cantly in recent years, with analog map and 
image offerings increasingly being supplemented by or replaced by digital 
resources. At NCSU campus-wide networked access to data was initiated in 
1993, with data made available both for download and for use online from 
GIS workstations in a networked environment. By 2000 one began to see 
more libraries offering Web mapping services, making the GIS content avail-
able to a much broader audience, including those who otherwise lacked the 
skills, software, and data access ordinarily needed to utilize GIS content.
The Early Library Experience with Web Mapping
While the Web mapping approach was initially fruitful—and still is in 
some contexts—these library-based map servers have increasingly risked 
becoming liabilities to the extent that volatile state and local content is in-
cluded. State and local agency data producers are typically better positioned 
to manage data updates, and the number of available state and local map 
servers has risen steadily since 2000. In North Carolina, for example, the 
number of county map servers increased from 15 in 2000 to 77 out of 100 
counties in 2005 (NCSU Libraries, 2006a). User demand for county and 
city data is high because it is larger scale, more detailed, more current, 
and more accurate than state and federal alternatives. Furthermore, many 
resources, such as cadastral data, zoning, and building footprints, tend to 
be available only at the local level. Meeting real user demand for data has 
increasingly required that local content be made available, yet the rate of 
update of that data has made it increasingly unfeasible to integrate and suc-
cessfully update such content within library-based Web mapping services. 
The existence of stale data hosted on library servers, coupled with concern 
some data producers have about liability issues, have made the library Web 
map servers an increasingly untenable option. At NCSU Web map services, 
which began in 1997, were ceased in 2001 in deference to emerging state 
and local map services.
Data Interoperability and Emerging Geospatial 
Web Services
By the year 2000 producer-operated map servers were proliferating, but 
these emerging federal, state, and local map servers remained data islands 
that could be viewed only in isolation from one another. There was no way 
to zoom in and see federal, state, and local content together for a particular 
location. There was also no easy way to view adjacent county or municipal 
services in a side-by-side manner. Social, environmental, and economic 
processes did not stop at county borders, but local map services did.
Around the same time, however, the various initiatives of the Open 
Geospatial Consortium (OGC) began to bear fruit and some key initial 
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steps toward data interoperability were made. Data interoperability is neces-
sary to integrate disparate data resources; allow sharing of content; allow 
interoperability between resources in different formats, commercial soft-
ware environments, and coordinate systems; and facilitate service chaining 
(Reichardt, 2005). A key initial OGC specifi cation, the Web Map Server 
(WMS) 1.0 specifi cation, was adopted in 2000 (OGC, 2004), and activities 
related to the Web Mapping Testbed led to a subsequent explosion in 
the development of WMS services (Doyle, 2000). Initiatives such as the 
National Map, at the national level, and NC OneMap, at the state level, 
helped to further the integration of federal, state, and—increasingly—local 
map services in a fl exible interoperable environment. In North Carolina, 
for example, by virtue of extensive outreach carried out by the NC Center 
for Geographic Information and Analysis and the U.S. Geological Survey 
with their partners, the number of state and local WMS services in the state 
grew from two in 2002 to seventy-four in February 2006 (NCSU Libraries, 
2006a; NCGICC, 2006a). As a standalone system as well as a component of 
the National Map, NC OneMap provides services in the context of statewide 
needs while also feeding content directly into the National Map system 
(NCGICC, 2003).
The rapid growth in availability of geospatial Web services has been 
followed by the development of new services focused on geospatial Web 
service discovery and integration. Initial work in ESRI’s Geography Net-
work, available from 2000, was followed by development of the National 
Map Catalog and later Geospatial One-Stop. At the same time, commercial 
geospatial Web services also began to proliferate, with offerings such as 
ArcWeb Services from ESRI and other commercial services from fi rms 
such as TopoZone. While such commercial mapping services initially took 
the form of noninteroperable Web mapping services, it has increasingly 
been the case that these offerings are interoperable services based on OGC 
interoperability specifi cations, Simple Object Access Protocol (SOAP), 
or Application Programming Interfaces (API) that support application 
integration.
The Attraction of Geospatial Web Services
Geospatial Web services are potentially attractive to libraries and their 
users for a number of reasons:
• The services are available in a time and location independent manner.
• Access to extremely large datasets is possible even over low band-
widths.
• The most current data is readily available and data update does not 
require local maintenance action by libraries or other intermediate 
information providers.
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• Differences in native formats and coordinate systems can become less 
of a barrier to use.
• Access to data can be more effi ciently offered for regions where demand 
does not merit static data purchase.
Map services can be used in a broad range of situations, from complex 
projects involving application fusion to rather basic one-off uses. For ex-
ample, one of the common uses of paper maps seen in the map library is 
that of tracking down the locations and coordinates of specifi c places on 
USGS topographic quad sheets. Since the late 1990s there have been a 
variety of commercial and public domain servers that allow users to exam-
ine topographic maps online, identify coordinates, and make annotations. 
There is no question that examining a topographic map by holding the 
large-format analog copy is preferable, from an ergonomic or aesthetic 
perspective, to looking at a smaller map area on the computer screen, 
or that many map analysis tasks can be more effectively carried out using 
large-format analog maps and images. Yet when one factors in issues such 
as convenience of access, travel time to the library, expanded resource 
availability, and other factors, the Web-based option becomes an attractive 
alternative for many map uses.
Drawbacks of Geospatial Web Services
There are of course many drawbacks to utilizing geospatial Web ser-
vices or relying on them as a core information resource within geographic 
information services, including the following:
• Application performance when using Web services will frequently not 
match that which can be achieved using locally loaded data.
• Uptime reliability can be a problem, lead to service chain failures, and 
threaten project work.
• Some services are of a demonstration nature and can disappear without 
notice.
• While the content underlying Web services might be updated with some 
frequency, some applications may have a need to rely upon static, snap-
shot content for consistency in results and analysis.
• Screen-generated maps are aesthetically and ergonomically no match 
for large-format analog maps and images.
Geospatial Web services are clearly more useful in some situations than 
others, depending upon application and user requirements. These services 
are probably most useful when
• the user needs the most current data;
• the data is subject to frequent change;
• the user needs to make use of extremely large datasets, perhaps over 
lower bandwidth connections;
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• the user wishes to preview the data prior to acquiring it;
• the user just needs the data for background use;
• the data needs to be integrated into remote or portable devices;
• the data is not otherwise available or cannot be effi ciently acquired and 
stored for local use.
Integrating Geospatial Web Services into the Library Environment
Awareness of and promotion of these emerging Web services are still 
rather low both on the part of end-users and on the part of academic librar-
ies. Integrating and managing access to services presents some problems 
that are very different from those associated with locally hosted content, 
including the following:
• Geospatial Web services have been difficult to discover and select 
from.
• In the case of commercial services, sustainable licensing models that 
work on a campus scale have yet to be worked out to satisfaction (prob-
lems include allowing for the volume of requests related to simple op-
erations such as pan zoom, the ability to restrict access to authorized 
users, and anticipating an unknown volume of requests).
• Linking data resources with services that act upon them has been a sticky 
issue, with metadata standards and practices not adequately addressing 
the linkage of data resources with services that act upon them.
• Rights issues and approved use are in many cases ambiguous, with Web 
services in something of a “Wild West stage” (for example, it is not clear 
whether it is acceptable to extract data from ArcIMS services through 
ArcGIS connections; this is technically possible but not typically an in-
tended use of the service).
• Integrating Web services into the physical browsing environment of the 
map collection in order to stimulate awareness of these new resources 
is tricky given the transient nature of such services.
With regard to the issue of physical browsing, while libraries have be-
come increasingly if not overwhelmingly digital, the map room still provides 
a rich and effective browsing environment. While volatile resources such as 
Web services do not lend themselves easily to hard-coded representation on 
shelving or in map cases, emerging mobile device technologies might, in 
time, make it more feasible to integrate discovery and use of these resources 
within the context of the physical browsing environment.
Possible Library Roles vis-à-vis Geospatial Web Services
So what might academic libraries do to promote and facilitate access 
to geospatial Web services? Some possible roles might include facilitating 
discovery of services; producing new map services to fi ll the gaps in service 
availability; building new map portal services on top of existing map ser-
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vices; licensing commercial Web services for use; and utilizing Web services 
consumption data to inform collection development planning.
Facilitating Discovery and Selection Libraries can support user discovery 
and selection of resources by incorporating such services into catalogs, GIS 
data collections, and the physical map room browsing environment. Just 
as libraries provide support in user selection of maps or datasets, support 
can also be offered in selecting from among competing service options. 
The notion of the reference interview, as it applies to geospatial data, can 
be extended to geospatial Web services.
The more traditional geospatial data-focused reference interview will 
tend to focus on content issues, a subset of which might include the follow-
ing questions:
• Data extent: Does the data cover the study area as required?
• Thematic content: Does that street dataset have street centerlines or 
curbs and gutters?
• Attribute availability: Are there street addresses? Are they complete across 
the entire dataset? Is the format friendly to geocoding processes?
• Currency: How recently was the data produced? What real world time 
period does it represent? How concurrent is it with other data to be 
used in the project?
• Format: Is the data in a vector format that the project’s software can 
support or at least convert without unacceptable data loss? In the case 
of imagery, has a level of compression been used that entails unaccept-
able data loss?
• Openness of licensing: Can the data be copied off of the CD-ROM or 
server? Can maps created from the data be used in publication? Can 
the data be used in a Web mapping application? Can a value-added 
derivative of the data be redistributed?
• Ease of access: Can the data be downloaded right now? In the case of very 
large datasets, is it possible to connect directly to the resources and use 
the data across the network? Is it possible to extract data for extremely 
large areas, or must one make numerous much smaller extractions to 
assemble data for the study area?
• Coordinate system, datums, etc.: Will it be necessary to re-project the 
data? Will a datum conversion be necessary? Is this information even 
recorded in the metadata?
In the Web service context, some of the content facets, such as format, 
can become less important, while some additional service or “functional” 
metadata come into play. These facets might include the following:
• Type of service: Image service, feature service, geocoding service, etc.
• Access protocol: ArcIMS image service, ArcIMS feature service, WMS, 
WFS (Web Feature Service), SOAP, and other methods such as the 
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Google Maps API. Is the service exposed through a protocol that is 
compatible with the user’s technical environment?
• Reliability and uptime: Will downtime impact project work or service 
chaining? Is this a demonstration service that is liable to disappear at 
an inconvenient moment?
• Licensing or pricing scheme: How will trivial transactions such as pan 
and zoom count against overall service consumption costs? Can licens-
ing effectively be extended to multiple, concurrent users within a con-
strained domain of authorized and authenticated users?
• In the case of image services, what image formats are offered (GIF, 
JPEG, PNG, etc.)?
Service discovery is available through the National Map catalog, Geo-
spatial One-Stop (GOS), and regional services such as NC OneMap, but 
exhaustive, comprehensive access is still not available. The National Map 
Catalog covers a subset of the services available in GOS, and GOS covers a 
subset of all available services. The National Map Catalog exposes an API for 
application developers, raising the possibility of drawing from these service 
metadata collections to develop specifi c local catalogs (USGS, 2005). Other 
more extensive service catalogs are being developed, including the Naval 
Research Laboratory (NRL) GIDB Portal, which lists nearly 1,400 map 
servers and over 300,000 individual data layers (Naval Research Laboratory, 
2006a), and Mapdex, which lists over 1,700 servers (Mapdex, 2006). The 
NRL is working on a searchable catalog system that will be compliant with 
the OGC Catalog Services Specifi cation and will provide the capability to 
browse, search, and query using any OGC Catalog client application (Naval 
Research Laboratory, 2006b).
Providing Map Services Another possible library role lies in the area of 
helping to fi ll the holes in map service availability by, for example, serving 
up WMS layers that are not otherwise available. Rather than risk providing 
stale data that are better provided by the data producers, libraries might 
focus on serving out specifi c strategic content that users and other services 
could choose to consume. NCSU Libraries, for example, is deploying census 
data map services that will be integrated with the NC OneMap environment, 
helping to plug a hole in data availability within the statewide framework. 
Libraries, by virtue of their mission, might be more predisposed than other 
organizations to serve out lower-demand older or archival content that is 
not served up by data producers, who may tend to focus on the highest-
demand, most current data.
Map Portals and Cascading Map Services Libraries may also have a role 
to play in deployment of the next-generation version of the old map server: 
setting up map servers that draw from and build on top of multiple existing 
map services, thereby creating single map interfaces. The USGS National 
Map at the national level and NC OneMap at the state level are two promi-
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nent examples of cascading map services. In general, one of the things 
libraries try to do is build windows to the world of information where the 
window is orientated in a way that best suits the library’s client base, often 
resulting in a particular geographic focus. In the case of map services, this 
notion might be translated into building specialized views that integrate 
existing map services.
In practice there are many complicated issues involved with setting 
up cascading map services: services adhere to different versions of OGC 
standards, use different symbolization, apply different scale restrictions, 
and name their data in different ways (for example, land parcels versus 
cadastral or property boundaries). Also, metadata that is needed to properly 
integrate resources may be missing, and rights issues concerning services 
are often ambiguous.
Building an effective cascading map service often becomes an exercise 
in community building that the technical interoperability specifi cations 
do not themselves address. Service builders must work closely with data 
providers to standardize service characteristics such as symbolization, clas-
sifi cation schemes, scale thresholds, and layer naming. The relevant commu-
nity must agree to and promote a set of practices that go beyond whatever 
requirements the actual standards or specifi cations might impose, as has 
been illustrated in the NC OneMap experience of developing a statewide 
integrated set of services (NCGICC, 2006c). The reality is that federal and 
state agencies participating in spatial data infrastructure are usually better 
positioned to carry out the community-building process.
Licensing Commercial Web Services Another opportunity for libraries lies 
in the area of licensing fee-based services for use by patrons. Such services 
may offer more than just content, with functions such as geocoding and 
routing being offered by emerging commercial services. Key challenges 
lie in the area of working out effective licensing models and in integrating 
campus identifi cation and authorization schemes with these commercial 
products.
Using Web Services Consumption as a Measure Demand Another possible 
use of geospatial Web services is in the measurement of data demand as-
sociated with a library’s user market. Development of digital geospatial data 
collections that fi t the spatial demand footprint of the library’s audience 
can be a challenging task. Funds are limited, and only so much data cover-
ing so much territory can be acquired and managed. To the extent that 
content exists, user demand can be measured based on data downloads 
by region, but if data holdings do not exist for given areas then demand 
cannot easily be assessed. It might be possible to carry out more rigorous 
market analysis if, for example, libraries were able to obtain zoom-in density 
maps from aggregated data refl ecting their institution’s traffi c on national 
portals such as Geospatial One-Stop and the National Map.
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Web Mashups, Geo-Hacking, and the New 
Geospatial Frontier
Geospatial Web services in the form of Web map servers, OGC services, 
and SOAP services have grown rapidly in the past fi ve years, but these 
services have for the most part only been exposed to a confi ned market 
of geospatial data users. Geospatial Web services are entering a new phase 
of wider use with the availability of new, more mainstream services such 
as Google Maps, Google Earth, MSN Virtual Earth, and Yahoo Maps. APIs 
have made it possible for third-party developers and the general public 
to build applications on top of these offerings, which are more accessible 
than traditional geospatial industry offerings. These new services have ex-
perienced rapid growth in use since their inception in early 2005, with a 
vast new audience of “geo hackers” without traditional GIS backgrounds 
beginning to work with geospatial content and creating “web mashups” 
or “map mashups,” which integrate content from multiple, distributed 
environments using AJAX (Asynchronous Javascript and XML) and other 
technologies (“Mashing the Web,” 2005). The explosion during 2005 of 
creative activity on top of these services is likely to be just the beginning of 
a revolution in how geospatial content is used and republished.
The geospatial content available in these environments is still limited, 
with only a very, very small slice of all available geospatial content exposed 
for use with these systems; however, holes are being poked and then wid-
ened through the walls that separate the new commercial Web mapping 
realm from the much more content-rich traditional GIS realm as develop-
ers create tools that integrate WMS or WFS services with Google Maps 
(Flood, 2005; Mulka, 2005) or convert traditional geospatial data to Key-
hole Markup language (KML) for integration with Google Earth (Martin, 
2005). The new mainstream mapping space has a very large audience, and 
yet only a relatively small proportion of available data is exposed to these 
environments. Meanwhile, in the traditional geospatial industry space there 
is a relatively small audience and a very large amount of data available. As 
these two information spaces begin to connect and merge, a number of 
new opportunities are likely to emerge for libraries.
One very immediate impact of Google Maps, Google Earth, and the like 
will be the creation of a much larger audience and market for geospatial 
information resources. While those doing Web mashups are often com-
mercial information technology developers, they are also often members 
of the general public developing maps for their churches, schools, or com-
munity groups. Mainstream developers crossing over to geospatial systems, 
while initially naïve on the topic of data quality, are developing a more 
sophisticated understanding of the qualitative differences between data 
alternatives and are seeking guidance from others in the selection of data 
sources for integration. One opportunity for libraries will be in the area 
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of exposing archived content to the Web mashup environment for before-
and-after and time-related uses, as the emerging services currently focus, 
for the most part, on delivery of only the most current data.
Digital Preservation Challenges in the Web 
Services Era
While the emergence of geospatial Web services has opened up a num-
ber of opportunities for libraries, a signifi cant threat is also posed. History 
has shown that it is quite often secondary archives that preserve content 
over long periods of time rather than the original content producers. For 
example, libraries typically preserve books rather than publishers. Until 
recently, in order to provide effi cient access to content it has been necessary 
to physically acquire the data in order to make it available to users. As a 
result, data archives have often evolved as a somewhat accidental by-product 
of the process of providing access. With the emergence of Web services it 
will be much easier to point to the data source and avoid handling data and 
storage media altogether. This is convenient for the user and eases the burden 
on the library, but who then archives and preserves the data? If preservation 
of digitally born resources was already a problem before the advent of Web 
services, the shift to new distribution efforts will require an even more focused 
and intentional effort on the part of libraries to preserve data.
Many GIS professionals will readily admit that retention of older content 
is often very low on the list of priorities. “Kill and fi ll” is often the operating 
archival strategy. In the early years of GIS it may have made more sense to 
ignore the temporal component of geospatial data resources: there was little 
older content so time series analysis was out of the question anyway, barring 
massive and expensive vector digitizing of old maps. Most GIS projects are 
focused on problems that require the use of the most current data. Issues 
of convenience also undermine demand for older content: the fact that 
students, during their formative training, will tend to build class projects 
around available data perhaps reinforces the inclination to focus on more 
current content and topics.
Yet there is increasing evidence of a rise in demand for older content 
and of interest in doing associated temporal analysis. GIS has been in use 
for decades now, so users—especially younger users—are starting to expect 
that older content will exist. More projects are focusing on time series 
components—looking backwards at land use change and looking forward 
at business trends, for example. As GIS becomes more of a core enterprise 
resource at the local levels, the stakes are raised vis-à-vis accountability for 
the disposition of taxpayer-funded data development work.
Early Geoarchiving Efforts at NCSU
Geoarchiving is one term that has been used to describe the problem of 
preserving digital geospatial content (Maine GeoArchives, 2004). In 2000 
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the coincidence of emerging local agency data, rising user demand for that 
data, and a growing sense of long-term risk to data sparked an NCSU project 
targeting county and city data for acquisition and archiving. One learning 
outcome of that project was a deeper understanding of the complexity of 
the process of identifying data resource availability across many counties 
and municipalities. Another learning outcome was an awareness that more 
effi cient and effective data management processes were needed. It was 
surprisingly easy to turn on the “fi re hose” that sent torrents of data into 
the library collection, but the “plumbing” to deal with all of the content 
that could be acquired needed to be developed.
The Need for an Infrastructure-Based Approach to Preservation
This early archiving effort made it clear that a statewide infrastructure-
based approach was required, one that would build from existing geospatial 
data infrastructures that were evolving under the auspices of the National 
Spatial Data Infrastructure (NSDI), Federal Geographic Data Committee, 
and Geospatial One-Stop. Two key developments in 2003 helped push 
NCSU Libraries’ preservation effort to the next level: the NC OneMap Ini-
tiative and the National Digital Information Infrastructure and Preservation 
Program (NDIIPP), with its Cooperative Partnership Program.
NC OneMap Initiative In February 2003 the NC OneMap initiative was 
announced (NCGICC, 2003). NC OneMap is a combined state, federal, 
and local initiative that is focused on allowing users to view geographic data 
seamlessly across North Carolina; search for and download data for use on 
their own GIS; view and query metadata; and determine who has what data 
through an online data inventory (NCGICC, 2006b). Included in the NC 
OneMap vision statement was the assertion that “Historic and temporal 
data will be maintained and available” (NCGICC, 2003). While primarily 
focused on access and content standardization, NC OneMap has offered a 
scalable framework by which the 100 counties and many municipalities in 
the state might be engaged in the problem of preservation.
NDIIPP In August 2003 the Library of Congress put out a call for pro-
posals in connection with a new congressionally funded initiative focused 
on preservation of digitally born content: the National Digital Information 
Infrastructure and Preservation Program. In this fi rst funding round of the 
program, entitled “Building a Network of Partners: Collaborative Collection 
Development,” the Library of Congress sought to engage with a diverse 
set of partners in a “dual effort to identify, get, and sustain signifi cant 
material while also collaborating with the Library and the other partners 
to advance digital preservation methods and best practices” (Library of 
Congress, 2003). The eight selected projects address a range of content 
types, including Web pages, numeric social sciences data, business records, 
and cultural heritage resources (Library of Congress, 2006). One of the 
NDIIPP cooperative projects is the NC Geospatial Data Archiving Project 
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(NCGDAP), a partnership between NCSU Libraries, the NC Center for 
Geographic Information and Analysis, and NC OneMap (NCSU Librar-
ies, 2006b).
North Carolina Geospatial Data Archiving Project
NCGDAP is focused on collection and preservation of digital geospatial 
data resources from state and local government agencies in North Carolina. 
The objectives of NCGDAP include
• identifi cation of available resources through the NC OneMap data in-
ventory;
• acquisition of at-risk geospatial data, including static data such as digital 
orthophotos as well time series data such as local land records and as-
sessment data;
• development of a digital repository architecture for geospatial data us-
ing open source software tools such as Dspace;
• enhancement of existing geospatial metadata with additional preserva-
tion metadata using Metadata Encoding and Transmission Standard 
(METS) records as wrappers;
• investigation of automated identifi cation and capture of data resources 
using emerging Open Geospatial Consortium specifi cations for client 
interaction with data on remote servers;
• development of a model for data archiving and time series develop-
ment.
The project is operating under a three-year timeline from late 2004 to 
late 2007. Since the project is set within the context of an emerging Web 
services framework—NC OneMap and the National Map—the project is 
especially focused on responding to evolving data distribution methods 
and engaging emerging geospatial Web services in the archive develop-
ment process.
Geoarchiving Challenges
Although the Web services aspects of the preservation problem are the 
focus of discussion here, a few salient issues related to the challenge of 
long-term preservation of digital geospatial data should be highlighted.
Geospatial Data Formats The absence of reliable, open vector formats 
is a stumbling block to preservation. SDTS (Spatial Data Transfer Stand-
ard), while open, has proven problematic and is not in wide use. The initial 
plan of the NCGDAP project involves retention of the data objects in the 
format received, while also exporting the content into a safer commercial 
vector format and buying time until a reliable, open alternative emerges. It 
is considered preferable to retain the content in a widely understood and 
supported commercial format rather than to rely solely on a migration of 
the content to an open format that may not be widely supported and con-
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version to which may involve subjecting the content to some unfortunate 
transformations and data loss.
One thread of investigation involves the use of Geography Markup Lan-
guage (GML) in an archival capacity. The challenge with this approach is 
that GML is not really a format per se but rather a means to defi ne some-
thing akin to formats in the form of GML profi les and GML application 
schemas (Lake, 2005). The emerging Simple Features Profi le for GML 
provides a potential solution in the form of a widely supported GML profi le 
that is more sustainable over time, though quality and functionality tradeoffs 
against industry-specifi c GML application schemas will be a consideration 
(OGC, 2005a). NCGDAP will be participating in a broader effort by the 
National Archives and Records Administration (NARA) and the Federal 
Geographic Data Committee (FGDC) Historical Data Working Group to 
investigate the role of GML in preservation (FGDC, 2006).
Another area of investigation concerns mining of data inventories, pos-
sibly using the emerging RAMONA system being developed by the National 
States Geographic Information Council (Indiana GIC, 2006), to detect 
format “doppler signals” using a format’s loss of market share as a possible 
indicator of format risk.
Geospatial Databases Another problem is the widespread emergence of 
complex spatial databases, either of the commercial variety or in more open 
varieties such as PostGIS-based systems. A spatial database stores geographic 
features and attributes as objects hosted inside a relational database man-
agement system. Multiple data layers may be stored in a single database, 
which may also host elements such as topology, relationships, behaviors, 
and annotations that are not exportable to conventional vector fi le formats. 
Within the project domain, the ESRI Geodatabase format is a prominent ex-
ample of this approach to data management. Until recently spatial databases 
were relatively rare in the project domain, but local agencies—especially 
municipalities—are increasingly turning to the ESRI Geodatabase format 
in particular to manage geospatial data (NCGICC, 2004).
Preserving Cartographic Representation The true counterpart to the old, 
preserved map is not the current GIS dataset but rather the cartographic 
representation that builds on that data. The representation is the result 
of a collection of intellectual choices and application of current methods 
with regard to symbolization, classifi cation, data modeling, and annotation. 
One goal of capturing cartographic representation will be to preserve data 
in the form that decision makers and others encountered and interpreted 
it. Another goal, in the case of image capture approaches, would be to 
provide a stable, preservation-friendly—though “dumbed down”—alterna-
tive in the case of long-term failure in the vector data preservation process. 
The derived image might also serve as a content preview, helping future 
researchers decide whether to commit time and resources to do whatever 
“digital archeology” (Ross & Gow, 1999) might be necessary to resurrect 
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the underlying content. Any preservation of cartographic representation 
should, ideally, occur in addition to preserving the underlying data.
In the Web services context, one issue to consider is that decisions 
will increasingly be made on the basis of ephemeral maps created online, 
making it diffi cult to document the basis for decisions. The OGC Web Map 
Context specifi cation addresses the issue of saving the application state in 
order to re-create maps but does not address the issue of saving data state 
(OGC, 2005b).
Time-Versioned Content Many of the vector data layers to be acquired 
are subject to frequent update. County cadastral (land parcel) datasets, 
for example, are typically updated on a daily or weekly basis. Such time-
versioned content, if preserved, can form the basis of time series analyses 
such as land use change analysis.
Version-handling over time, however, can be quite diffi cult to manage 
within the archive. And experience in the content domain has shown that 
some resources of only a few years of age have already lived in two or three 
repository environments, so any single repository cannot be expected to 
have all of the versions.
Content Packaging One of the points of frustration in working with geo-
spatial content in a library context has been the absence of a packaging or 
bundling scheme for data. Geospatial data is characterized by complex mul-
tifi le formats that need to be tied together, bundling data with associated 
metadata and ancillary documentation. Content packaging mechanisms 
may be used to bundle different versions of the dataset (by format, coordi-
nate system, tiling scheme, etc.), to attach rights information and licensing, 
to supplement FGDC metadata with additional technical and administra-
tive metadata, and to link objects with services that act upon them. The 
NCGDAP project will experiment with the use of the Metadata Encoding 
and Transmission Standard, a technology that has emerged in the library 
community, as a data bundling scheme. Other packaging schemes, such 
as the MPEG 21 Digital Item Declaration Language, are being considered 
in connection with the OGC Geo Digital Rights Management (GeoDRM) 
initiative (OGC, 2006).
Other Geoarchiving Challenges Other preservation challenges include 
securing and adequately defi ning archival and use rights for content; pre-
serving semantic information associated with datasets; providing long-term 
support of coordinate systems and datums; and maintaining the indepen-
dence of the preserved content from any particular repository software en-
vironment.
Putting Web Services to Work in Geoarchiving
While the shift toward Web services–based distribution of geospatial 
data may pose a threat to long-term preservation of content, it is also pos-
sible that those same geospatial Web services might in the future aid in the 
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onerous process of developing archives on the basis of widely distributed 
sources. Taking the example of North Carolina alone, there are 100 counties 
and over 140 municipalities. Nearly all North Carolina counties have GIS 
systems, as do many municipalities. Keeping track of data availability across 
this many agencies is not a trivial problem. Even more problematic is the 
task of routinely harvesting content from such a diversity of agencies.
In this context Web services become interesting from the point of view 
of automating inventory creation and automating extract and transfer of 
content. One of the diffi cult selling points for digital preservation has been 
the level of effort that must be applied to solve a problem that is very low on 
the list of priorities of data producers. If the process of archive development 
can be automated using Web services, then the barrier to participation in 
the preservation process might be lowered considerably.
Unfortunately, currently deployed services based on OGC specifi cations 
are not really fashioned to the needs of archive development processes. In 
terms of data transfer, WMS involves transfer of “dumb” images with the data 
intelligence removed. Web Feature Service (WFS), which involves transfer 
of the actual data as GML, is perhaps not really optimized for full-scale 
transfer of entire datasets or databases (OGC, 2005c). Furthermore, WFS 
is not yet widely deployed. What is lacking, so far, is a sort of rsync-like layer 
in the spatial data infrastructure that allows for effi cient, full-scale replica-
tion of data resources while also being informed by data update processes, 
rights arrangements, and metadata. In cases where delta fi les—or change 
fi les—are used as a means of transferring database changes across the net-
work, archival processes will need to handle confl ation of the delta fi les with 
the archived database and certify that no delta fi les have been missed.
Conclusion
Geospatial Web services, which may be image services, feature services, 
geocoding services, or offer other functionality, are clearly on the rise. 
These new, dynamic resources are more useful for some applications than 
others, where access to static resources will continue to be more suitable. 
These services are notably diffi cult to discover, creating opportunities for 
libraries in the area of facilitating discovery of and access to them. The rise 
of more mainstream map services such as Google Maps, through its API, 
appears to be leading toward a rapid growth in the use of geospatial data 
and services by a broader audience.
At the same time, digital geospatial data is becoming increasingly ephem-
eral. The challenges in preserving static geospatial data are already daunting 
as we face the issue of preserving proprietary formats and spatial databases, 
capturing time series snapshots, and preserving cartographic representa-
tion. The advent of geospatial Web services raises additional challenges to 
data preservation, as static fi les are replaced by dynamic, changing services. 
At the same time, new Web services technologies may offer some possibility 
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of making the process of archive development more effi cient through the 
use of automated approaches.
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Abstract
The selection, acquisition, and management of digital data are now 
part and parcel of the work librarians handle on a day-to-day basis. 
While much thought goes into this work, little consideration may 
be given to the long-term preservation of the collected data. Digital 
data cannot be retained for the future in the same way paper-based 
materials have traditionally been handled. Specifi c issues arise when 
archiving digital data and especially geospatial data. This article will 
discuss some of those issues, including data versioning, fi le size, pro-
prietary data formats, copyright, and the complexity of fi le formats. 
Collection development topics, including what to collect and why, 
will also be explored. The work underlying this article is being done 
as part of an award from the Library of Congress’s National Digital 
Information Infrastructure and Preservation Program (NDIIPP).
Introduction
Digital geospatial data is now routinely found in libraries that carry 
cartographic data, geologic information, social science datasets, and other 
materials in support of disciplines using Geographic Information Systems 
(GIS) in their research and work. Over the course of years, the data have 
been received on fl oppy disks, CD-ROMS, DVDs, and hard drives or are 
available for free or for a fee over the Internet. In the paper world, ensur-
ing longevity of items means creating ideal conditions in which to store 
collections. Materials will last longer if kept in a cool space without much 
light and correct humidity and handled as seldom as possible.
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The same is not true for digital data. As Clay Shirky (of New York Uni-
versity’s Interactive Telecommunications Program) pointed out in July 2005 
at the bi-annual meeting of the National Digital Information Infrastructure 
and Preservation Program (NDIIPP), digital materials must be touched and 
manipulated on a regular basis if they are to survive. Leaving digital data 
alone will certainly cause it to be lost, and the time frame may be surpris-
ingly short. Technology is changing at such a rapid pace that it can now 
be a challenge to fi nd a machine that will read fl oppy discs, much less the 
obsolete program on which the data was supposed to run. Web sites can 
be and are removed at a moment’s notice. This is especially frustrating 
for the federal depository libraries that formerly received paper copies 
of government information now available only in digital formats. Clearly, 
librarians must begin thinking about long-term preservation of their digital 
collection, from what to collect to ensuring that it is preserved with the 
same thoughtfulness and care that is given to hardcopy materials.
The Library of Congress and the NDIIPP Awards
In December 2000 Congress appropriated nearly $100 million dollars 
in funds to underwrite the cost of studying the issues related to the long-
term preservation of digital data. The program was to be administered by 
the Library of Congress and was named the National Digital Information 
and Infrastructure Preservation Program (Library of Congress, 2006a). 
Conference Report H. Rept. 106–1033 stated that
The overall plan should set forth a strategy for the Library of Con-
gress, in collaboration with other Federal and non-Federal entities, to 
identify a national network of libraries and other organizations with 
responsibilities for collecting digital materials that will provide access 
to and maintain those materials. . . . In addition to developing this 
strategy, the plan shall set forth, in concert with the Copyright Offi ce, 
the policies, protocols, and strategies for the long-term preservation 
of such materials, including the technological infrastructure required 
at the Library of Congress. (Library of Congress, 2006b)
The goal of the program was to create a network of committed partners 
willing to work on the policies, protocols, and architectures needed to build 
a series of archives to house digital materials.
The fi rst round of major funding was announced in September 2004 
with eight projects receiving a total of $13.8 million dollars in funding 
over a three-year period. Two of these projects focused specifi cally on 
geospatial data. The North Carolina State University Libraries partnered 
with the North Carolina Center for Geographic Information and Analysis 
to create a model for archiving the local and state government output 
of digital geospatial resources, including digitized maps. The project 
is designed to be a demonstration project for other states. The second 
contract was given jointly to the University of California at Santa Barbara 
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(UCSB) and Stanford University to underwrite the creation of the National 
Geospatial Digital Archive (NGDA). The NGDA’s goal is to design repository 
infrastructures at each university and to collect materials across a broad 
spectrum of geographic formats. The team will work to expand the network 
of organizations committed to preserving geospatial content (Library of 
Congress, 2004).
The NGDA Project
The NGDA project has both research and development components. 
Research topics include considerations for long-term preservation; collec-
tion development, including prioritization and scope; architectural and 
economic models; rights issues; and best practices. The two libraries are 
developing prototype archives for housing the data and jointly creating a 
geospatial format registry to describe the data being stored. During the 
second year of the grant the two archives will be federated using the Alex-
andria Digital Library (ADL) software interface (see Figure 1).
Technical Architectures
The two repositories are being built using similar technologies while at 
the same time meeting the specifi c needs of each institution. Both architec-
tures contain standards-based interfaces, clearly defi ned metadata formats, 
an underlying format registry, a goal of end-to-end automation of the sys-
tems, and exploration into open source front ends. UCSB has developed 
a repository specifi cally to house geospatial information, with tools and 
templates designed around common data structures. Stanford is building 
a repository to hold all of its digital content no matter what its nature; the 
goal is to determine if a general digital repository can adequately handle 
the complexities of geospatial data formats using standard metadata and 
a content transfer manifest, which include provisions for geospatial infor-
mation. As of the end of December 2005, both repositories were complete 
through their fi rst stages and had ingested geospatial data.
Format Registries
Technically, geospatial data is more complex than standard digital for-
mats. This must be accounted for when archiving the data. In order to 
preserve a data format, information about that format must be known. 
The archive has to have an automated way to understand the fi le it has 
received and to verify that it is what it purports to be. This format informa-
tion is typically stored in a registry, which records detailed metadata about 
the types of fi les. For example, format information for a GeoTIFF would 
include specifi cations for the correct TIFF standard and explanations of 
any accompanying fi les, such as those containing projection information. 
The format registry can be as complex as a custom-made database or as 
simple as a Web page or text document.
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The Library of Congress, along with many other organizations, has 
spent a great deal of time describing formats and housing that informa-
tion in format registries. Caroline Arms and Carl Fleischhauer compiled 
the format registry for the Library of Congress in order to help determine 
the sustainability of any given format throughout its content life cycle, to 
gain an understanding about which formats are more sustainable than 
others, and to develop strategies for sustaining the content they receive. 
The content categories studied include still image, sound, text, and moving 
image. They did not populate a format registry for geospatial data formats 
(Arms & Fleischhauer, 2005).
After searching unsuccessfully for other groups that had created a format 
registry for geospatial data, the NGDA team decided to build its own. Work 
is ongoing to describe the data elements necessary for preservation on 
four formats: digital orthographic quarter quadrangles (DOQQs), digital 
raster graphics (DRGs), Environmental Systems Research Institute (ESRI) 
“shapefiles,” and Landsat imagery. (Other document formats will be 
analyzed as content selection for the archives progresses.) These fi le formats 
have differing levels of complexity. All of them contain multiple fi les that 
must travel together in order to make the format usable now and in the 
Figure 1. The overarching project activities for the three-year life of the NGDA 
contract with the Library of Congress
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future. For example, ESRI shapefi les are in a proprietary data format and 
are used in proprietary software. According to the specifi cations published 
by ESRI, only the .shp, .dbf, and .shx fi les are mentioned as part of the 
shapefi le itself. But, with each shapefi le there may also exist numerous other 
fi les, such as .sbn, .ain., and .prj fi les. Public documentation to reference 
these fi les and their role in the playability of the fi le itself is not available. 
Correspondence with ESRI staff was necessary to ascertain whether or not 
they considered the last three fi les necessary to preserve in the archive along 
with the published specifi cation fi les. Building the format registry is labor 
intensive as it is necessary to trace the dependencies of fi les (a GeoTIFF 
must also include the correct TIFF specifi cation, for example), and one 
must locally collect as much documentation as possible about each format. 
However, the set of format specifi cations should have to be created only 
once and then updated as necessary.
Rights Management and Contracts
Information regarding the rights governing the ownership, use, and 
copyright status of the data is associated with each fi le included in the re-
positories. A great deal of domestic geospatial data is produced by the U.S. 
government, which allows for wide use of its output due to the fact that most 
of it is in the public domain. But even government data may have copyright 
stipulations attached to it if it has been distributed through a third-party 
vendor contracted through a Cooperative Research and Development 
Agreement (CRADA) or has had value added to it by a commercial fi rm.
Important datasets, such as California’s SPOT Image coverage and the 
base data on ESRI’s Data & Maps CD-ROMS, are governed by strict licensing 
and use agreements. These datasets provide high-quality base map layers 
for GIS work and, especially with the yearly release of ESRI Data & Maps, 
provide longitudinal data that allow for the study of change over time. As 
the NGDA project moves forward, these agreements may make it impossible 
to federate data if the other potential repositories in the NGDA federation 
do not also have the legal right to hold the data. During the second year 
of the grant, the NGDA staff will begin a dialog with commercial data and 
imagery producers to assess their preservation strategies, awareness, and 
willingness to work with preservation archives.
In order to codify the rights and responsibilities of the repositories, 
each depositor will sign a contract licensing their content for preserva-
tion in the NGDA repositories. The goal is to create a single contract that 
can be used, and modifi ed if necessary, by both Stanford and UCSB. The 
contract (in draft form as of this writing) governs the use, display, delivery, 
and preservation of materials in the NGDA. It clearly states who owns the 
copyright to the materials and ensures that those depositing materials in 
the archive have a right to do so. It further clarifi es that the copyright stays 
with the original depositor and that the archives are not responsible in cases 
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of copyright infringement. It explains what may be distributed from the 
archives—the metadata, the data, or both—and to whom. It details how 
the repositories’ rights and responsibilities will be carried out, including 
the need to use best practices and standards for preservation. The archives 
agree to take measures to prevent unauthorized access to the data, to permit 
only authorized users to access the content, to credit the copyright holders, 
and to use the utmost care in the preservation of the content. The contract 
explicitly allows the archives to manage the data to maximize its chances 
of survival over the long term.
In addition to legal protection for both parties afforded by the contract, 
a well-thought-out contract explicating the roles of each party builds an 
important element of trust that will encourage content creators to deposit 
their content in our repositories. The contract embodies one of the aspects 
of the trust-building activities recommended in the Research Libraries 
Group/Online Computer Library Center report, “Trusted Digital Reposi-
tories: Attributes and Responsibilities” (Research Libraries Group, 2002).
In order to further investigate how copyright law affects archiving of 
digital data, the Library of Congress has convened the Section 108 Study 
Group. Section 108 of the Copyright Act, created in 1976 and amended in 
1998, governs the use of copyrighted materials held in libraries and archives. 
It is believed that even with the 108 revisions, the law is designed to meet 
the needs of the analog world, not the complex issues and needs of the 
digital one. This group has been charged with reviewing existing copyright 
laws as they pertain to libraries and archives, and specifi cally as they apply 
to digital media. The group will advise the Librarian of Congress in May 
2006 on their fi ndings and make recommendations based upon the needs 
of the content producers as well as those wishing to archive and access their 
output (Library of Congress, n.d.).
Collection Development
When the Library of Congress announced the Digital Preservation Program 
in August 2003, they enunciated the following three goals:
“The continuing selection, collection, and organization of the most 
historically signifi cant cultural materials and of important information 
resources, regardless of evolving formats,
The long-term storage, preservation, and authenticity of those col-
lections, and
Persistent, rights-protected access for the public to the digital heritage 
of the American people.” (Library of Congress, 2003)
Nature of Risk A required outcome of the project is to focus on ma-
terials that are deemed to be “at-risk” of disappearing or have no analog 
counterpart. While the Library of Congress did note that they considered 
historical and cultural materials or information “that document[s] key 
social and political developments necessary to understand contemporary 
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events” (Library of Congress, 2003) to be preservation worthy, they did 
not specifi cally defi ne what it meant to have materials be “at risk.” This is 
not surprising given the broad range of information across all disciplines 
in need of preservation.
Digital geospatial data may be deemed to be at risk because of many 
factors. The sheer magnitude of geospatial data being created and in ex-
istence makes it nearly impossible to collect it all for the future without 
signifi cant efforts toward collaborative collecting models. MODIS data, 
used to study global dynamics and processes on the Earth, are being cap-
tured in thirty-six spectral bands from the MODIS satellites at a rate of a 
terabyte a day; over two petabytes of MODIS data are now stored at NASA. 
It is highly unlikely that a university, even the largest, would want to archive 
the whole MODIS output. On a more localized level, the problem of data 
storage is still signifi cant. The state of California as represented in the 
Digital Orthophoto Quarter-Quadrangles includes approximately 13,200 
scenes requiring roughly 670 gigabytes of storage space. In order to ensure 
viability of this dataset into the future, geographic redundancy is necessary 
in addition to the information being stored on different types of storage 
systems to lessen the chance of loss or corruption of data. This means the 
large datasets cannot be stored in a single location, creating the need for 
numerous, large, robust preservation environments.
In addition to the volume of data being produced, geospatial data are 
often updated and changed, creating the need to save different versions 
of the same information. How often the versions are collected will have 
to be decided on a case-by-case basis. For example, the National Elevation 
Dataset is updated on a bi-monthly basis by the United States Geological 
Survey (USGS) as higher-resolution or higher-quality data become avail-
able. Even a single data layer of a city GIS that is used by many different 
departments may be updated as often as several times a day. The different 
versions may be considered to be at risk because of the possibility that each 
iteration may need to be preserved (for example, for legal reasons, such 
as to prove when a change in a city’s infrastructure was made). A strong 
argument can be made that each version need not be preserved in order 
to get a valid snapshot of the data environment.
Government geospatial data may well be considered at risk given the 
sensitive nature of some of the information, the decentralization of the 
computing environment, the lack of distribution of digital content that 
used to come to libraries as part of the Federal Depository Library Program, 
and the ease with which content can be removed from a government Web 
site. According to OMB Watch, the Bureau of Transportation Statistics 
(BTS) removed all GIS data, maps, and resources from their Web site after 
September 11, 2001. These data were later restored after the decision was 
made that their release did not pose a threat to national security (OMB 
Watch, 2005). Pipeline mapping data was removed from the Department of 
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Transportation’s (DOT) Web site around the same time and has not been 
released to the public again. The DOT notes on their Web site that the 
data is now restricted “to pipeline operators and Local, State, and Federal 
government offi cials ONLY” (PHMSA, 2005).
Geospatial data is also potentially at risk for long-term preservation 
when it is produced by a small group or a single person. The ease with 
which content is now created and displayed has caused an explosion of 
small producers of high-quality geospatial content. Digital preservation 
requires a good deal of planning and expertise. It may also be prohibitively 
expensive to undertake. Simply making a backup copy of these data does 
not ensure that suffi cient metadata has been captured to understand the 
environment in which the data was created, guard against failure of the 
storage mechanism, allow for geographic distribution, or solve the prob-
lem of fi le format migration over time. It is hoped that through the work 
done by this group and others the ability for small groups and individuals 
to archive safely their data for the long term will increase.
Collection Development Policies Collection development policies play a 
critical role in map libraries and have been important for many decades. 
The University of California/Stanford Map Libraries Group (UCSMLG) 
is still using the Research Library Group (RLG) conspectus portion for 
maps and geospatial data. The cooperative agreement is updated every fi ve 
years and clearly spells out policies related to collaborative purchasing, col-
lecting commitment levels for cartographic types of data and regions, and 
interlibrary loan. This agreement and the list of collecting responsibilities 
assigned to each university by call number have proved to be useful to this 
day (UC/Stanford Map Libraries Group, 2006).
Collection development policies typically do not include directives for 
long-term archiving of the collection itself. It has proven useful for us to 
review the work being done in the archiving community. While research 
libraries do, in general, keep their materials for a long period of time, 
they also weed with impunity for reasons of cost, space, and lack of use. An 
archive has made a commitment to keeping the material with the idea of 
turning it over to another trusted archive when they cannot or do not want 
to steward it any longer. In archives provenance is an integral component 
of responsible stewardship. Provenance details who or what group created 
and/or managed the records and traces the history of ownership of the 
records. This is critical information for a geospatial archive as well, and it 
must be included in the metadata. A good primer on archival practices is 
available from the University of Albany’s M. E. Grenader Department of 
Special Collections and Archives (Parker et al., 2005).
Another area where archival practices infl uence long-term preservation 
is multiple fi le dependencies. Archival practices have codifi ed the process 
of accessioning items in a specifi c order. This is necessary to preserve the 
contents as they were originally received and/or arranged. This is impor-
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tant for a digital archive as well. Preserving such dependencies becomes 
critical when one thinks about long-term preservation of geospatial data 
incorporated on a Web site. The Arizona Model, being developed by the 
Arizona State Library, Archives, and Public Records, is using the framework 
of archival records management for the curation of collections of Web docu-
ments. They note that archiving Web documents by order translates into 
the correct management of the directories and subdirectories, which are 
called series and subseries in archival parlance. They argue that only through 
judicious use of archiving practices can large amounts of data be captured 
with a relatively small amount of human input. The system created must 
be able to scale and cannot do so if curators must select items one by one 
(Pearce-Moses & Kaczmarek, 2005).
The collection development policy for the geospatial archives being built 
by the NGDA will be a hybrid between a library policy and an archival one. 
It will include standard sections of a collection development statement that 
outline the user community; the geographic scope; the methods, scales, 
and frequency by which the materials are collected and updated; and the 
types of materials included. In addition, the policy statement will include 
descriptions of the type and quality of metadata that need to be included 
for ingestion into the repositories. Widely used fi le formats and types will 
be explained on a general level with the expectation that these will need 
to be updated over time. The Cornell University Geospatial Information 
Repository (CUGIR) has posted its collection development policy on its 
Web site, and it is a good example of this hybrid format (CUGIR WorkGroup 
of Mann Library, 2006).
The NGDA librarians will also produce specifi c collection development 
guidelines for their respective institutions. We hope that over time there 
will be many partner repositories in the federated network with broad 
collecting responsibilities. The individual nodes will focus on the needs of 
their primary audience, revising the policy to refl ect individual institutional 
priorities. It is expected that areas of collecting interest will fall roughly 
along the same lines that were used when accessioning print materials. 
For example, the UCSB Map and Imagery Laboratory has a long history 
of collecting aerial and satellite imagery, while the Stanford Map Collec-
tions has focused heavily on geologic mapping and data. It is imperative 
that multiple collecting bodies be engaged in the process of selection and 
retention. There is just too much geospatial information being produced 
for a few libraries or institutions to preserve it all.
Conclusion
The National Geospatial Digital Archive team has completed the fi rst 
of three years of their contract with the Library of Congress. Much more 
will be learned over the next two years from our research, the research of 
312 library trends/fall 2006
other NDIIPP grants, as well as the work being done by others around the 
world in this fi eld.
Year two goals include investigating to what degree, if any, commercial 
geospatial data producers are concerned with archiving and whether there is 
an interest in partnering with academic institutions; gaining a better under-
standing of existing mandates for archiving government-produced geospatial 
data; continuing to grapple with complex legal issues surrounding archiving; 
and ongoing technical development of the repositories themselves.
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Building a Library GIS Service from the Ground Up
Rhonda Houser
Abstract
Geographic Information Systems (GIS) services in academic libraries 
tend to differ, based on availability of GIS data, software, hardware, 
and staff expertise. GIS services at the University of Kansas are closely 
aligned with support for government information, data, maps, and 
statistics. Thus, our responses to users’ needs are often naturally col-
laborative, optimizing the expertise of multiple staff members and 
various types of resources. The GIS and Data Specialist assists campus 
researchers with spatial data and software, as well as facilitating access 
to GIS data. Lab space for research and coursework involving spatial 
data is a core component of GIS services. In addition, various levels 
and types of GIS workshops are offered each semester, and custom 
training sessions are also available. “Word of mouth” and hands-on 
workshops are some of the most effective methods of outreach.
Introduction
This article describes the development, current profi le, and future direc-
tions of Geographic Information Systems (GIS) services at the University 
of Kansas (KU) Libraries. The intended audience of the article has at least 
a basic understanding of GIS and related terminology. Academic libraries 
considering implementing new GIS services or evaluating existing services 
may fi nd this article helpful. KU Libraries supports 25,000 students and 
1,300 faculty with academic and research resources. Library collections 
consist of approximately 3.7 million volumes and 33,000 current serial titles, 
housed in six facilities in Lawrence and one in Kansas City.
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KU Libraries, Information Technology, and the Policy Research Insti-
tute founded a new committee several years ago called the Academic Data 
Research Services Alliance (ADRSA).1 Members assist the campus research 
community with data identifi cation, access, and analysis. ADRSA was instru-
mental in establishing the Library Geographic Information Systems (GIS) 
and Data Lab and in creating the GIS and Data Specialist position (hereafter 
referred to as GIS Specialist). GIS and Data Services is a transparent network 
of ADRSA partners and associated staff, which pulls from the expertise of 
staff in maps, data, GIS, government information, and statistics.
GIS and Data Lab
The GIS Specialist supports GIS-related coursework, research, and teach-
ing at KU. Prior to such assistance being formally available, the T. R. Smith 
Map Collection (henceforth referred to as the Map Collection) provided 
basic assistance with GIS. The GIS and Data Lab (or Lab) provides a quiet 
working environment for individuals or groups and it includes space for 
use of GIS and statistical workstations, laptop use, and research design and 
discussion.2 The Lab was initially located in the rear of a meeting room 
on a lower fl oor of the library, with two statistical workstations set up for 
social science data users. Use was low, perhaps due to minimal resources 
and staff support and the limitations of appointment-only use. In 2002 the 
Lab was moved to a room next to the Map Collection, which also contained 
offi ces for the Map Librarian and new GIS Specialist. Users had relatively 
easy access to staff, and staff could easily monitor the Lab.
These staff offi ces were moved to a space behind the Lab in 2004, co-
inciding with initial integration of the campus statistics lab with the GIS 
and Data Lab. These moves added workspace and resources in the lab and 
grouped staff offi ces, but they also removed staff from the immediate Lab 
area. A new doorway was created to directly connect and improve communi-
cation between Lab users and support staff. Workstations now have log-ons 
for user authentication that are consistent with other public machines in 
the libraries and standardized images, such that all computers are loaded 
with the same basic set of programs. This profi le is more secure, easier to 
maintain, and gives users uniformity. Users have dedicated network space 
for storage of data and related fi les. Due to the merger of these two labs, 
users now benefi t from extensive spatial and statistical resources and a wider 
range of staff expertise available in the same location.
The GIS and Data Lab is generally open sixty hours per week for walk-in 
use and for scheduled consultations with on-site staff. Full-time staff that 
support users in various capacities include a GIS Specialist, Map Librarian, 
Data and Government Information Librarian, and Statistical Consultant. 
Seven powerful workstations are loaded with major GIS and statistical ap-
plications, such as ArcGIS and ArcView, SAS, SPSS, and other programs 
used in conjunction with GIS software, such as Excel and PhotoShop.3 Lab 
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users also have access to small scanners and printers, as well as oversize 
scanning and printing services, formally offered for the last several years. 
Additional resources include GIS-related reference books and software 
manuals, datasets, tutorials, and current publications.
Lab workstations are also loaded with the datasets and digital manuals 
that accompany ArcGIS software, or “Environmental Systems Research 
Institute’s (ESRI) Data and Maps” and “Digital Books.” These datasets and 
digital manuals are commonly requested and provide comprehensive infor-
mation on using the software and a wide array of vector and raster data for 
the world (Andronache et al., 2005). However, users are often unaware that 
these resources are available or otherwise do not install them on their own 
workstations. The GIS Specialist worked with other Information Services 
staff to make these resources available online to KU affi liates.
In addition, Lab machines include a customized ArcGIS application with 
current, detailed data for Lawrence obtained from the city GIS program. 
Aerial photos, streets, contour lines, and city parcels are some of the more 
commonly used datasets. This tool is particularly helpful to novice and non-
GIS users, such as Urban Planning and Architecture students working on 
site or building design projects. Students often generate a “map” of their 
project area and use other programs to manipulate the resulting image. 
Members of the general public also use this application for local mapping 
information, such as a “picture” or “map” of their neighborhood.
The Lab is located in one of the two larger campus libraries that holds 
most of the science-oriented materials. The central location of this facility, 
and its proximity to one of the main campus computer labs, is convenient 
to most users. Furthermore, this library is near buildings that house the 
Architecture, Urban Planning, Geography, and Geology Departments, some 
of our most active patrons. A potential drawback is that we are on the 
ground fl oor of a building for which the third fl oor is the main entrance, 
and this lower visibility limits accidental discovery by new users. However, 
being “off the beaten path” does result in relatively quieter and cleaner 
work areas, and those who need to fi nd us can do so.
A nearby campus lab has approximately twenty GIS workstations avail-
able for walk-in use. This lab serves a different purpose than the GIS and 
Data Lab, as it does not have GIS support staff; it is primarily used for 
technical workshops and so is often unavailable on weekdays. However, its 
evening and weekend hours complement those of the GIS and Data Lab. 
These labs are the only two on campus that support GIS and that are open 
to anyone regardless of departmental or other affi liation.
The GIS and Data Lab is next door to the Map Collection, and coop-
eration among map, GIS, data, and government information resources 
extends beyond sharing physical space. GIS often acts as a bridge between 
geographical and tabular information since it is comprised of both. Such 
service groupings have been successfully implemented at various universi-
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ties (Czarnocki and Khouri, 2004). Combined data, GIS, and maps services 
seemed to work well at Queen’s University in Kingston, Ontario, Canada, 
which provides resources related to both “merging and emerging technolo-
gies” (Moon, 1993, p. 33). Soete (1997) also noted the benefi ts of GIS 
services that are closely tied to related services.
GIS Assistance
The GIS Specialist provides assistance via in-person consultations, email, 
and telephone through the GIS and Data Lab with frequent referrals from 
the Map Collection. Some common requests for assistance include the 
following issues and associated questions.
• Finding Specifi c Datasets:
 I’m looking for administrative boundaries for the Soviet Union.
 Is there GIS data for New Orleans (post-hurricane), such as transporta-
tion networks, census data, and debris site locations?
• Generating a Map or Image from Spatial Data:
I want to create a map (aerial photo) of downtown Kansas City, near 
the river market.
I need a map (aerial photo) of downtown Lawrence, showing streets 
and contour lines.
• Converting Data Among Various Formats, Such as Open Source Pro-
prietary, Vector, Raster, and Compressed:
How do I convert elevation data, downloaded in DEM (Digital Elevation 
Model) format, into something (grid) I can use in ArcMap?
How do I convert this fi le for hiking trails in Yellowstone (trails.e00) 
into something ArcGIS will read (ArcInfo coverage)?
• Subsetting Data or Clipping Data Layers:
 From country boundaries for the world data, I need Africa as a separate 
(vector) layer.
 I only need tract boundaries and income data for Douglas County, Kan-
sas, not the entire state.
• Creating Data, Such as Point, Line, or Polygon Features and Editing 
Associated (Attribute) Information:
 I need to identify and digitize forested areas on top of this aerial pho-
tograph, with a topo map (DRG) as another base map.
 I want to calculate the percent of population change in Montana coun-
ties for the last 100 years.
• Mapping Tabular Data Using Geographic Coordinates for Point Loca-
tions, or Collected with a Global Positioning System (GPS):
 How can I map my data on protest events in North Korea? I have XY 
coordinates in Excel for each location where a protest occurred.
 I need to get my fi eld data out of this GPS unit and map it (that is, 
sunfl ower populations, ice core samples, wind farms)
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• Mapping Tabular Data by Linking (Joining) to a GIS Layer with the 
Same Geographic Variables:
 I want to map child welfare data by zip code from this Excel fi le. How 
can I display the data based on a particular variable?
 I have readership data for the Saturday Evening Post back to the 1920s 
by U.S. county and state. How can I put these data on a map?
• Integrating an Image, Such as a Scanned Map, into a GIS Using Geo-
graphic Coordinates (Georeferencing):
 I need city footprints in digital format for Costa Rica.
 I want to compare modern maps to historical maps created by an ex-
plorer and plot the plant populations he documented.
• Spatial Data Analysis:
What types of land cover are associated with these bird nesting areas?
How many elementary schools are located within Richmond city limits?
The source of information that fi lls a user need may be either paper 
or digital, regardless of the fi nal format needed. For instance, informa-
tion originating in digital format can be manipulated using GIS or other 
software, remain in digital format, or be printed via desktop printers or 
plotters. Likewise, information beginning in paper format can be converted 
to digital format via an oversize scanner and printed to a plotter for what 
is essentially a copy. Alternatively, a scanned item can be manipulated in 
GIS or other software and retained in digital format or printed to hard 
copy. Thus, the Map Collection may bring new users to GIS and vice versa 
(Cobb, 1999).
For example, a graduate student in ecology working with distribution 
and protection of rare bird species walks into the Map Collection looking 
for digital data, constituting base map features for part of Ecuador. No 
suffi ciently detailed GIS data are freely available, but a map in the Joint 
Operations Graphics series is found at an appropriate scale for the desired 
area. As the student wants digital data to incorporate into a GIS, we scan 
the map and the student later georeferences the image, feeding latitude 
and longitude values from the map into ArcGIS.
The number of data consultations nearly doubled from 2003 (eighty-
two) to 2004, and this year’s monthly average was 16 percent higher than 
it was in 2004. The majority of users assisted in 2005 were KU-affi liated and 
most commonly were from the Departments of Urban Planning, Architec-
ture, Ecology and Evolutionary Biology, and Journalism. In 2005 meetings 
were held most often with graduate students, followed by faculty and then 
students who were either undergraduates or graduates. The profi le for 
walk-in, unassisted GIS users of the Lab is similar to the consultation user 
base.
GIS consultations are typically longer and more complex and technical 
than traditional reference questions, as is consistent with GIS services at 
319houser/library gis service from the ground up
other institutions (Abbott and Argentati, 1995; Deckelbaum, 1999; Suh 
& Lee, 1999). To balance the increasing demand for GIS services and 
the extensive time required, the GIS Specialist at KU continually works 
to provide self-help tools, such as online datasets, software manuals, and 
tutorials. This does not undermine the ongoing need for in-person assist-
ance but rather supports and may make such meetings more productive 
(Argentati, 1997).
Consultations are carried out such that users are guided in using spatial 
data and software but the work is not done for them; these meetings are 
learning opportunities for all parties involved (Soete, 1997). At one end 
of user experience and informational needs are those wanting simple facts 
or statistics that may be generated by stand-alone or Web-based mapping 
applications. These patrons may never use GIS software, which involves a 
fairly steep learning curve (Suh & Lee, 1999; Deckelbaum, 1999; Soete, 
1997). At the opposite end are those who want to use raw spatial data on 
a GIS workstation. These user profi les are similar to what Kowal (2002) 
defi ned as low- and high-level users and are refl ected in the complexity of 
data and software appropriate for such users (Abbott & Argentati, 1995).
For others who enjoy digging for data, some requests inevitably remain 
unanswered by freely available data. Some recent examples from GIS and 
Data Services include
• data for building footprints and heights in London
• city limits for cities in Central America
• air photos for a wine-growing region in Tuscany
• zoning data for New Orleans
• street and contour data for Kristiansend, Norway.
Data Management
In developing KU Libraries GIS services, it was important to survey 
library-owned spatial data, including federal depository items, commercial 
data, and internally generated data. Library holdings, mainly from federal 
agencies such as the Census Bureau and Geological Survey, are underused 
and very diffi cult to fi nd through traditional library search mechanisms 
(Soete, 1997). Initial inventory attempts were unsuccessful, as library cata-
loging tools and staff were ineffective in generating even a rough inventory. 
Instead, inventory is ongoing through data requests, coincidental discovery, 
collection development, and monitoring of new resources. Considering the 
strengths of KU Libraries sheet map and data holdings, and freely available 
data, it is challenging to fi nd large-scale data for places outside the United 
States and Canada, such as topography, political boundaries, and roads. 
Sweetkind-Singer and Williams (2001) also found such data onerous to 
obtain for free.
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Library GIS staff at KU and other institutions rarely purchase datasets, 
as a wealth of spatial and tabular data is freely available online and through 
government agencies (Abbott & Argentati, 1995; Lamont, 1997; Kowal, 
2002; Soete, 1997). Many small-scale commercial datasets are already freely 
available online in raw or alternative formats. Moreover, the availability of 
library staff with GIS expertise to assist with data manipulation reduces the 
need for acquiring most commercial datasets.
At KU GIS datasets and related resources are not allotted a separate col-
lection development budget, so they are purchased through subject liaisons. 
KU Libraries did purchase data to complete the Global GIS database set, 
which provides a variety of small-scale data layers for the world (Hearn et al., 
2003; American Geological Institute, 2003). GIS data generated by campus 
researchers and through internal and joint projects may be made available 
through such archival and access tools as the institutional repository and 
the state GIS data clearinghouse.4
Instruction
Teaching GIS
The GIS Specialist teaches GIS workshops throughout the semester 
with assistance from colleagues. Workshops offered on an ongoing basis 
are designed to teach basic to advanced skills, and they cover specialized 
topics in ArcGIS, such as the Spatial Analyst extension.5 Lessons focus on 
applying geographic concepts and questions related to spatial data while 
developing familiarity with software and terminology. The GIS Specialist 
leads these hands-on workshops, which are usually two hours long. Work-
shops are scheduled in cycles, as participants tend to sign up for an entire 
cycle instead of one at a time. Attendance is generally higher during the 
fi rst half of a semester and when new workshops are introduced, but it has 
been steady for most workshops over the course of three years. Figures 1 
and 2 describe the status and affi liation of workshop attendees.
The GIS Specialist also provides custom training sessions, such as “Mov-
ing from ArcView 3.x to ArcGIS” and “Mapping Tabular Data in a GIS.” 
In addition, instructors may request a GIS session for a particular class. 
Departments that have requested GIS sessions are Architecture, Ecology 
and Evolutionary Biology, Environmental Studies, Geography, Journalism, 
Political Science, Public Administration, and Urban Planning. Teaching a 
workshop often initiates dialogue among participants and instructors, and 
many attendees use this time to discuss their GIS uses and needs or to make 
appointments for in-depth assistance. The GIS Specialist and related staff 
also provide informal training sessions, presentations, and tours to educate 
library staff about GIS services and help them make referrals.
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GIS Training
The GIS Specialist facilitates access to educational resources such as 
software tools and applications, how-to guides for data and software, email 
list services, and tutorials. The Environmental Systems Research Institute 
(ESRI) online tutorials, free to KU affi liates through the campus site license, 
are frequently used by individuals seeking self-paced, focused training and 
by instructors to augment a semester course. The GIS Specialist also advises 
users on selecting and acquiring GIS software.
Outreach
Of perhaps more importance than developing the nuts and bolts of a GIS 
service is building relationships with library staff and with faculty, graduate 
students, and other GIS users. These relationships are the key to an effective 
and sustainable service and can help it evolve to meet changing user needs, 
as was also found by Atkins (1999) and Soete (1997). Referrals and projects 
arise from such relationships, both personal and professional, as patrons often 
come in to use the Lab by recommendation from instructors, other students, 
or friends. A dual method of outreach is the hands-on workshops, which help 
identify user needs as well as provide GIS training (Atkins, 1999).
In addition, the GIS Specialist and related staff participate in various 
campus events, such as GIS Day. GIS Day is a symposium sponsored primar-
ily by the Geography Department and aimed at increasing knowledge of 
local GIS applications and of geographic information science. Library staff 
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Figure 1. KU Libraries GIS Workshop Attendees, 2002–2005
have displayed GIS research posters as part of this event, judged student 
paper presentations, and promoted the event through GIS workshops. 
Events such as GIS Day are excellent opportunities to make and maintain 
contacts and raise awareness of library GIS services. Ongoing modes of 
outreach are also useful and accessible, such as email list services, direct 
emails, presentations, Web pages, and various publications. The GIS Spe-
cialist also works with library subject specialists in communicating with 
academic departments regarding GIS issues.
Future Directions
Interest in GIS is spreading steadily across many campuses (Badurek, 
2000; Andronache et al., 2005; Sweetkind-Singer & Williams, 2001). At KU 
interest has sparked lately in the Political Science, Geology, Environmental 
Studies, Public Administration, and Engineering Departments. Many of 
these departments have neither staff nor facilities to support GIS, and users 
may only consist of one or two faculty and a few graduate students. These 
GIS users need access to software, data, and expertise from a centralized, 
accessible source of research assistance, such as the library.
GIS training is also an ongoing need at KU, particularly that which is 
inexpensive and convenient. The campus seems hungry for GIS training 
of any kind. However, hands-on training options outside the university are 
often cost-prohibitive. Workshops, online tutorials, and other educational 
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Figure 2. KU Libraries GIS Workshop Attendees, 2002–2005
resources help address but do not seem to fi ll this need. Workshop evalua-
tions indicate that attendees would like a wider variety and higher frequency 
of workshops. However, developing new workshops requires a substantial 
amount of time; existing workshops must be revised with software upgrades 
and changes in data format. The library cannot and probably should not 
satisfy all campus GIS training needs (Argentati, 1997).
GIS and data staff hope to fully merge the GIS and Data Lab and the 
campus statistics lab in the coming year. Challenges include maintaining 
security, providing quiet work space, and giving users a sense of ownership, 
while remaining readily available to assist users. The GIS Specialist also seeks 
to increase awareness of the Lab, library spatial data holdings, and related 
resources such as free software training and online tutorials. Additional sign-
age for both public space and staff offi ces is one way to heighten visibility 
of GIS services. Finally, it is demanding but essential to continually engage 
library staff in discussions and training related to GIS services.
Conclusions
Researchers have access to increasingly, and seemingly user-friendly, 
spatial applications, which offer powerful display and analysis options. Such 
applications can deceptively appear overly simplifi ed because users can 
obtain “glossy” output from complicated datasets with the click of a button. 
The user may be overwhelmed or fail to appropriately interpret this surfeit 
of results. This can lead to the common misconception that GIS is easy to 
use and learn. Realistically, fi nding or processing spatial data usually takes 
twice as long as initially expected, an experience shared by Sweetkind-Singer 
and Williams (2001). However, visualization and analysis capabilities, and 
skills gained through working with the data, are worth the effort. Gradu-
ate students seem the most willing to recognize whether a new application 
such as GIS software is a useful research tool for their discipline, and sub-
sequently they dive in and learn to use the program profi ciently.
Lab users also often see GIS as merely a map-making tool. Compared 
to professional cartographic software, most GIS programs can produce 
basic maps with minimal effort. However, novice GIS users often generate 
rudimentary maps lacking a title, projection, legend, or identifi cation of 
data sources. Committing more time and effort can result in fairly detailed 
and accurate maps, but users rarely spend this much time. Basic paper 
maps generated in ArcGIS should not be used as a fi nal medium for data 
but rather to examine preliminary data patterns or trends, to contribute to 
further digital processing, or for collection of additional data (Deckelbaum, 
1999). GIS is about visualization and analysis of digital spatial data, seeking 
answers to questions of geography, and examining relationships between 
geographic features within or between layers; GIS is not about creating 
pretty maps (Cox & Gifford, 1997; Deckelbaum, 1999).
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Others providing campus GIS services agree that every university has 
different GIS needs. What is the library’s niche in supporting these needs 
(Abbott & Argentati, 1995; Adler, 1997; Argentati, 1997; Badurek, 2000; 
Lamont, 1997)? One must try to understand the GIS environment by con-
sulting with stakeholders, such as other libraries, computer labs, research 
centers, and academic departments interested in GIS. For instance, GIS 
and maps staff at KU have developed solid working relationships with the 
Geography Department and the Kansas Biological and Geological Surveys, 
which are signifi cant GIS users. One may also obtain useful information 
about campus GIS users from the GIS site license administrator. Some is-
sues to consider are the following:
• Do GIS users have access to necessary data, software, and hardware?
• Is there a GIS lab open to anyone, regardless of department or affi lia-
tion?
• Are data storage and distribution needs met?
• Can users obtain GIS assistance from campus staff?
• Do users have access to needed training and related resources?
• How is GIS software purchased? Is a site license available, and are users 
taking advantage of the benefi ts?
• Are there commonly used datasets to which the library could facilitate 
access?
• Is grant funding available to support GIS services?
• Is there a means for communication among campus GIS users?
Support from library administration and related campus departments 
is fundamental to a successful GIS service. In addition, staff involved must 
possess a strong knowledge of major GIS software and computer applica-
tions in general and be committed to ongoing education on GIS data, 
software, and applications (Argentati, 1997; Cox & Gifford, 1997; Kowal, 
2002). Many libraries offer GIS services. As Adler also noted (1997), the 
question for larger academic institutions may no longer be whether to offer 
GIS services but what level of service to offer.
Notes
1. KU Academic Data Research Services Alliance: http://www.ku.edu/adrsa/.
2. KU Libraries GIS and Data Lab: http://www.lib.ku.edu/gis/.
3. Adobe (1990–2002), Photoshop 7.0 Software; Apache Software (1989–2003), SPSS 12.0 
Software; Autodesk (2005), AutoCad; Environmental Systems Research Institute (1992–
2002), ArcView 3.3 Software; Environmental Systems Research Institute (1999–2004), Arc-
GIS 9.1 Software; Microsoft (1985–1999), Excel 2000 Software; SAS Institute (2002–2003), 
SAS 9.1 Software.
4. KU Institutional Repository: https://kuscholarworks.ku.edu/dspace/.
5. GIS workshop descriptions and handouts available from “GIS & statistics workshops” link: 
http://www.lib.ku.edu/gis/.
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Improving GIS Consultations: A Case Study at Yale 
University Library
Abraham Parrish
Abstract
For the last decade and a half, Geographic Information Systems 
(GIS) services in academic libraries have been developing, and GIS 
librarians have been experimenting with different ways to provide 
these services. However, there has been virtually nothing in the litera-
ture with respect to GIS consultation statistics. One goal of this article 
is to discuss a four-year case study on the use of GIS consultation 
statistics to give a better understanding of what GIS librarians might 
typically expect as far as number of patrons, their characteristics, 
amount of time spent with them, and the amount of data distrib-
uted to them while running a GIS service at an academic library. 
Techniques for reducing the amount of time spent with patrons 
while developing a higher degree of effi ciency and effectiveness in 
conducting GIS consultations will also be explored. Finally, a juxta-
position of GIS consultations with other types of library reference 
services will reveal signifi cant differences between them.
Introduction
What kind of workload can a Geographic Information Systems (GIS) 
librarian expect from GIS consultation services? How much time will he or 
she be spending on this activity, or what average amount of time will they 
spend on a single consultation? How much data will they be distributing 
to patrons on average? What can be done to make consultations less time-
consuming and more effi cient and effective? Answers to these questions 
will be explored through the use of GIS consultation statistics that have 
been collected for a four-year period at the Yale University Library Map 
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Collection GIS Service. However, a brief review of the current literature 
on reference statistics will prepare us for this exploration.
With the progression of digital technology over the last decade and a 
half, librarians have been able to provide patrons with access to a larger 
array of digital data and information more rapidly and have used electronic 
sources more often for reference (Cardina & Wicks, 2004). This progression 
has allowed an increase in the capability of what can be provided through 
reference, but it has also created an increase in the demand for reference 
information via these new technologies (Tenopir, 1998). Even though the 
number of reference interviews has decreased during this time, they now 
take longer (Mayfi eld, 2000; Warner, 2001).
Even with an evident trend toward providing reference for digital ser-
vices and content in academic libraries, there is not much in the library 
literature on detailed statistics for reference services. Spencer and Dorsey 
(1998) identify total and average times for reference interviews broken 
down by affi liated and nonaffi liated patrons for an Arizona State University 
West study over the span of a year with one week a month selected randomly 
for data collection. They cite an overall mean of fi ve minutes per patron 
and identify reference exceeding eleven minutes having occurred only 27.2 
percent of the time. Most other studies had smaller samples and even less 
distinction among types of patrons.
The library literature for GIS reference in particular was even sparser. 
Kinikin and Hench (2005) present a weekly GIS service utilization table 
based on a survey of eleven libraries; the survey identifi es one GIS user per 
week for four libraries, one to two users per week for another four librar-
ies, no libraries with three to four users a week, and fi ve or more users for 
one library. This fails to provide a clear picture of different types of GIS 
users and the actual time spent on consultations. This article will reveal 
more detailed statistics for GIS consultations based on a case study at Yale 
University Library. First, however, a preliminary review of the differences 
between GIS consultations and other types of library reference is warranted 
to set the stage for understanding these statistics.
It can be argued that the growth of digital technology has had a greater 
impact on GIS services in libraries compared to other emerging services 
that incorporate electronic resources since GIS depends completely on this 
type of technology. It follows that GIS reference or consultations can be 
much more involved and time-consuming not only because they completely 
depend on computer technology but also because of the more complex 
structure and variety of GIS software and geospatial data.
Robust GIS software is not as simple to use as a software program that 
may display a textual source of information such as a digitized journal 
article or a raster image such as a digital photograph. Patrons must learn 
how to interpret spatial data and create information from this data via 
manipulation through GIS software. This software can contain hundreds 
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of tools, extensions, and additional scripts that can potentially be used to 
manipulate GIS data. This means that a GIS reference librarian must take 
into account a much broader range of service issues when conducting 
consultations for patrons, which add signifi cant challenges that exceed 
those of general library reference.
These challenges include fi rst and foremost providing training for pa-
trons to enable them to use the GIS data they acquire. GIS software has a 
steep learning curve and takes an individual with a variety of abilities to 
successfully employ the technology (Deckelbaum, 1999). For robust GIS 
software such as ArcGIS, it can take a minimum of fi fteen hours just to 
learn the basics. There are also many different applications of the software 
that span many different disciplines. Simply knowing what specifi c tools 
can do in the software does not necessarily or easily translate into know-
ing what spatial methodology to apply for specifi c disciplines. As a result, 
patrons can easily spend thirty or more hours just learning enough of the 
software to tackle a signifi cant research project. Thus, the GIS librarian is 
required to possess a substantial skill set in order to be an effective refer-
ence librarian or consultant. This skill set includes familiarity with GIS 
software in many disciplines, available training courses or tutorials, sources 
of additional or extensible GIS software, and hundreds of software and 
application books.
Another challenge is training patrons on how to manipulate GIS data 
through processing tasks such as fi le format conversion, re-projection, and 
geo-processing. Information is often created and developed by these pro-
cesses, unlike a published book or print map that has already been turned 
into information. So simply having the data in hand—or in this case, on 
digital media—often does not provide a patron with enough to glean any 
substantial information. Having more data layers that are spatially synchro-
nized will better enable patrons to garner more information and perform 
deeper analysis. For the GIS librarian, this again requires a substantial skill 
set—in this case, skill in data manipulation. It is often the case that most 
of the time patrons spend utilizing GIS as a tool for their research project 
is spent manipulating GIS data.
The third and fi nal signifi cant challenge is providing the patron with 
training in information management. This challenge may well be a signifi -
cant part of general library reference as well, particularly with those who 
handle digital data or information. However, GIS patrons often collect 
tens of layers of data, which can be manipulated several times. For some 
GIS data formats, one layer can be composed of up to eighteen different 
fi les organized in multiple folders. This can result in hundreds of fi les that 
need to be managed and whose structure must be understood, even if a 
patron is only using as little as ten layers. The patron must also understand 
at least the basics of geodesy (coordinate systems and projections) and its 
relationship to the organization and display of their layers. This can be a 
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very diffi cult topic to teach to patrons who have no background in geog-
raphy. If patrons do not acquire data management skills, particularly for 
large projects, they could lose track of layers they had manipulated, end up 
with layers that are not spatially synchronized, and potentially waste hours 
of time trying to locate specifi c layers.
These additional signifi cant challenges that are part of GIS consulta-
tions affected the resulting statistics that were collected at Yale University 
Library, mostly by adding a signifi cantly longer amount of time to the 
average GIS consultation.
Description of Yale University
Before analyzing the GIS consultation statistics that have been collected, 
a description of Yale University and its library will provide a better under-
standing of the results. The environment in which the following statistics 
were collected certainly does not fi t the mold of every university, as different 
universities may have different models of service, which may vary accord-
ing to the expertise of staff and level of service it provides (Deckelbaum, 
1999). However, this sample study may at least offer librarians providing GIS 
services a general guide on what can be expected for GIS consultations.
In the four-year period of the study, which spans from July of 2001 to 
June of 2005, Yale University had an enrollment of approximately 11,000 
students, of which about half were undergrads and the other half gradu-
ate students. There were approximately 3,000 faculty and 7,000 staff at 
the university. The university contained no geography department and 
only offered GIS courses in two departments—Forestry and Environmental 
Studies, and Epidemiology and Public Health. There were a few service 
centers on campus that provided some level of GIS service but not at the 
comprehensive level provided by the Yale University Map Collection GIS 
Service. Many of the service centers simply offered lab computers with GIS 
software or had a collection of a particular type of geospatial data such as 
Federal Depository data or satellite photos.
Description of GIS Service
The Yale University Library Map Collection GIS Service is responsible 
for serving all Yale-affi liated patrons, which include students, faculty, and 
staff. Public patrons are not eligible for GIS Service. The staff of the GIS 
Service is made up of a permanent GIS Specialist along with an array of 
constantly changing staff. During the four-year period of the study, the GIS 
Service has included up to as many as four concurrent student employees, 
a casual employee, and two clerical and technical employees, all of which 
were part-time employees. Currently, there is one GIS Specialist, one full-
time managerial and professional GIS Assistant, and one student worker.
Due to its location in the Yale Map Collection, the GIS Service had 
some degree of overlap with the print map collection. This overlap most 
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often manifested itself in the form of digital scans of paper maps in the 
collection. However, the Map Collection and the GIS Service were still 
considered separate services and the statistics collected were applicable to 
GIS patrons only. One exception was patrons who requested digital scans 
of maps and who may or may not have had them georeferenced for use in 
a GIS. Since the GIS Service ran the scanning service, these patrons were 
added to the statistics.
Statistics Collection Method
Martindale (2004) points out that it is important to keep statistics on 
GIS consultations because they are useful as a measure of successful ser-
vice. The Yale Map Collection GIS Service maintains a Microsoft Access 
database called the Daily Log that is used to track patron consultations as 
well as other tasks that are performed on a daily basis. It has been in opera-
tion since the fi rst day the GIS Service was started on July 2, 2001. It was 
created for many reasons, but the two most important are to keep track of 
the patrons being helped (the GIS Service can be involved with as many 
as thirty consultation projects at a given time), and to formulate statistics 
to discover trends and make adjustments in the service.
The statistics that have been collected include the time spent not only 
fi nding GIS data for patrons but also assisting patrons in the manipulation 
of this data as well as providing software and information management 
training. Group instruction sessions were counted as one consultation. 
For example, if a GIS workshop was given to a class of fi fty students, the 
Daily Log would record it as one consultation. Also, there were cases where 
a single patron consulted with the GIS Service for more than one GIS 
project, or several patrons working in a team consulted the GIS Service. 
Therefore, consultations rather than patrons are described as single enti-
ties in the statistics.
Data on consultations were entered daily into the Daily Log on a con-
tinual basis. The disadvantage of this was that it took a long time to enter 
the data, and employees had to be constantly aware of how they spent every 
minute. However, it has been well worth the time compared to the time 
that would be spent trying to keep up with and remember the progress of 
several simultaneous consultations. The ability to be able to profi le a patron 
consultation project at any time on the database and get up to speed with a 
patron about the current progress of their project makes a GIS service very 
effi cient. Another advantage is being able to have multiple staff members 
handle a single consultation.
Evaluation of Statistics
Table 1 shows the total and average hours spent on consultations bro-
ken down by patron type. It shows that master’s students took up the most 
amount of time with about 30 percent of all consultations. All graduate 
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students accounted for about half of total consultation time. Given that 
about half of Yale students are graduates, this appears to explain the statistic. 
However, while this fact may explain most of this number, the total number 
of undergraduate consultations (54) was low because undergrads typically 
do not have time to incorporate GIS in their coursework. Even though 
they are required to write a senior thesis, which most of the undergrads 
consulted were working on, there were not as many undergrads working 
on long-term projects as graduates or faculty. These statistics show that GIS 
consultations are typically geared toward patrons who have time to work 
on long-term projects.
Table 1 also reveals that the average amount of time spent per consul-
tation project is about four hours. Faculty and doctoral students typically 
average about twice as much time per consultation project as undergrads or 
graduates. This is useful information when starting a consultation project 
and trying to determine how much time you will spend consulting. You 
can develop a prepared plan for dealing with each of the different types 
of patrons.
Table 2 shows what you might expect by way of contact when conducting 
GIS consultations. The GIS Service averaged about four different visits by 
patrons overall, most visits being in person. This makes sense, as it is diffi cult 
to conduct a consultation over the phone or email unless it is for a specifi c 
and quickly solved problem. The highly visual nature of GIS usually requires 
an in-person demonstration to explain a GIS problem to a patron. This also 
Table 1. Time Spent on GIS Consultations by Patron Type, 2001–2005
      Average Mean
      Percentage   Time (Hours)
Patron Total  Total of   per Consultation  
Type Minutes Consultations Hours Total Time Project
Faculty 30,070 61 501.17 19.81 8.22
Total Graduate 
 Students 74,413 346 1240.22 49.03 3.58
Masters Students 45,751 291 762.52 30.14 2.62
Doctoral Students 28,662 55 477.70 18.88 8.69
Undergrads 15,524 54 258.73 10.23 4.79
Staff 21,159 137 352.65 13.94 2.57
All Others 10,608 20 176.80 6.99 1.84
Grand Total 151,774 618 2,529.56 100 4.09
Table 2. GIS Consultation by Contact Type, 2001–2005
Contact Type Total Contacts Average Mean Number of Contacts 
           per Consultation Project
In Person 1,839 2.98
Email 500 0.8
Phone 164 0.26
All Contact Types 2,503 4.05
332 library trends/fall 2006
shows that GIS consultations rarely can be completed in one session. The 
GIS Service has consulted with some patrons in as many as thirty different 
sessions spanning several months or even several years.
Table 3 shows consultation projects by department and the percent-
age of time out of the total hours spent on consultations by each depart-
ment. Clearly, Forestry and Environmental Science, Archaeology, and Art 
and Architecture have far more users of GIS than any other department. 
These statistics can be useful in determining for which departments to focus 
workshops, targeting departments with much potential but little use, or 
determining the discipline-specifi c types of GIS resources to collect. It can 
also be useful in determining the cost share of a GIS software site license 
for which a department should be responsible.
Table 4 shows the trend over time of the number of consultations along 
with total and average time spent on them for each of the four years in 
the study period. It can be seen that the GIS Service saw a steady increase 
in the number of and total time spent on consultation projects, but the 
average amount of time spent on each consultation decreased. This can be 
explained by the initial creation of the GIS Service in 2001. There was no 
GIS Service in the library prior to July 2001 and it was subsequently built 
from scratch. As more patrons learned of the service, word spread and the 
number of consultations increased until reaching a peak in the 2003–2004 
Table 3. Time Spent on GIS Consultations by Department, 2001–2005
Department Hours Percentage of Total Time
Forestry & Environmental Studies 659.68 26.08
Anthropology/Archaeology 361.33 14.28
Art & Architecture 310.75 12.28
Epidemiology & Public Health 108.73 4.30
Political Science 99.83 3.95
Economics 88.08 3.48
History 138.42 5.47
American Studies 67.80 2.68
International & Area Studies 61.05 2.41
School of Management 34.42 1.36
All Other Departments 599.46 23.70
Grand Total 2,529.56 100
Table 4. GIS Consultation Statistics by Year
 2001–2002 2002–2003 2003–2004 2004–2005 All Years
Total Consultations 114 187 211 162 618
Total Time Spent on 
all Consultations (hours) 613.71 709.68 844.71 361.46 2,529.56
Average Mean Time Spent 
per Consultation (hours) 5.38 3.79 4 2.23 4.09
Note: Total consultations for all years do not add up to 674 because there were consultations 
that overlapped from one year to another and were counted twice in more than one year.
333parrish/improving gis consultations
period. Around this time, the GIS Service had applied enough effi cient 
consultation techniques and made enough faculty contacts to reach more 
patrons with fewer consultations by providing more workshops and class 
demonstrations (as stated above, group consultations were counted as one 
consultation). This explains the drop in the number of consultations and 
total time spent on them. Besides these reasons, the experience of the 
GIS Service for the fi rst three years of the study had a signifi cant effect on 
increasing the effi ciency and effectiveness of consultation projects.
Suggestions for Improving GIS Consultations
One of the best ways to improve the effi ciency and effectiveness of GIS 
consultations is to recognize different types of patrons and have a plan to 
deal with their particular situations in the most effective manner. The follow-
ing is a list of the ten most distinct types of patrons that have been encoun-
tered at the Yale Map Collection GIS Service in the four-year consultation 
period, along with suggestions on effective consultation techniques.
The Sleeper
These patrons will initially come in for a consultation in which you spend 
a signifi cant amount of time consulting with them on how to incorporate 
GIS into their research. They then show up six months later, never having 
made one bit of progress. They have not completed any self-paced training 
you have given them or even looked at or lost any data you distributed to 
them; they want to start all over again with the GIS consultation as if you 
were meeting them for an initial visit.
To avoid wasting reference time on the Sleeper, try to gauge how much 
work patrons are willing to put into utilizing GIS as a tool in their research. 
Tell patrons that learning to use GIS software will not only take a signifi cant 
period of time, but data processing, analysis, and cartography can be very 
time-consuming as well. Try to start off novice GIS users slowly so you do not 
invest too much consultation time unnecessarily. If they show progress on 
something small, such as completing an online training course or process-
ing a small set of data, then you can provide continued assistance with more 
confi dence that they will follow through for the rest of the GIS project.
The Data Collector
These patrons want to collect every little bit of GIS data they can get 
their hands on even if it is not necessary for their research. These are the 
patrons who want over a thousand census attributes when you are creating 
a census layer for them or want data that over-expands their study area by 
an unnecessary amount “just in case” they might need it. Try to get these 
patrons to focus on their research questions and the specifi c datasets they 
will need to answer those questions. It always helps to establish a geographic 
study area with bounding coordinates with the patrons before rushing into 
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a data search. Explain or demonstrate to them how long it takes to process 
or analyze GIS data with a small sample so they have an idea what it will 
take for larger datasets. You could also just distribute the data they need 
and show them how to acquire the “just in case” data themselves. 
Seeking a Professional Cartographer
Although cartography is an important part of using GIS in research or 
coursework, it can be a tricky issue when it comes to GIS consultations. 
Yale University has no geography department or any other department 
that teaches a cartography course. Therefore, there are not many students 
or faculty who are familiar with cartographic techniques, particularly with 
GIS software. However, often the best way to share research that utilizes 
GIS is through a map.
The Map Collection GIS Service has been dealing with this issue for 
many years and has developed a policy of assisting patrons with cartography 
but only to a certain point. You want to avoid patrons with no cartographic 
background requesting a map be made for them. A professor who wants 
you to make a map of X, Y, and Z and have it ready by next week as if you 
were running a professional cartography business, or a student hovering 
over your shoulder telling you to move a label a few millimeters to the right 
then a few millimeters back to the left, is not the most effi cient use of your 
time as a GIS librarian. Unless your library has the resources for it, it is 
best to limit cartographic assistance to specifi c cartographic techniques. 
Patrons can consult with you just for advanced cartographic techniques 
and save your consultation time by learning basic techniques on their own. 
There are several short online tutorials available for this type of training, 
such as the Environmental Systems Research Institute’s (ESRI) “The 15-
Minute Map.”
The Enigma
This type of patron is probably common among many types of library 
reference services. They are the type of patrons who want your assistance 
but do not want to tell you much about their research, as if it were classifi ed 
Top Secret. The goal with these patrons is to gain their trust and explain to 
them that there are certain things you need to know in order to help them. 
However, there may be cases where they just will not reveal certain types of 
information. In these cases, it still may be possible to help the patrons with 
certain consultation techniques. For example, if an archeologist is doing 
a dig at a sensitive site for which she does not want to reveal the location, 
but she wants to plot Global Positioning System (GPS) locations collected 
from the site in a GIS, you could show her how to plot the points using a 
different set of GPS points or XY data so she can repeat the technique in 
private.
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Don Quixote
These patrons do not realize the limitations of using GIS or acquiring 
data for their research. Don Quixote will ask for a GIS layer of all the streets 
in Connecticut in 1930 so he can geocode addresses from the 1930 U.S. 
Census (which is only available on paper) by next week. Don Quixote will 
ask for 1-meter color satellite photos for the whole country of Zimbabwe. 
For this type of patron, it is best to explain the limitations of acquiring 
or developing GIS data due to time and budget. Make it clear how much 
time you are willing to spend acquiring or processing GIS data for them 
and determine if they are willing or even able to spend the rest of the time 
needed to reach the goals of their project.
The Lounge Lizard
These patrons will try to utilize every possible second of your time to 
help them with their GIS project. They will call or email you several times 
a day asking what button to click next in the GIS software. They will pop 
up in your offi ce without an appointment, even when you are in an ap-
pointment with another patron, to ask you a burning GIS question that 
just can not wait. They hang out in the GIS lab constantly on a computer 
to be near you in case they have a question (even though there are many 
labs with GIS software on campus that can be used). They will even ask for 
help from other advanced users in the GIS lab trying to concentrate on 
their own projects.
Get these patrons to invest time into learning at least the basic GIS 
software tools and analysis techniques early in their project. Suggest online 
training courses such as ESRI’s Virtual Campus (if your library uses ArcGIS 
software) or GIS courses that your university offers. Build a substantial GIS 
reference collection that includes books on GSI software and applications to 
provide patrons with other sources of information they can consult besides 
you. Lastly, build your own GIS tutorials on short, task-based techniques 
such as georeferencing or geocoding so you can hand patrons a sheet of 
instructions or point them to a Web site instead of spending many minutes 
or even hours explaining techniques to them.
Indiana Jones
Lamont and Marley (1998) point out that digital map collections can 
be modeled on print map collections that are focused on the geographic 
region in which the institution is located. While it holds true that most 
patrons will most likely request data for a local area such as New Haven or 
the state of Connecticut, I have found that a substantial number of patrons 
at Yale University conduct research all over the world and therefore need 
data that spans this geographic extent—often at a large scale. Indiana 
Jones is a patron who is studying yak herds in central Asia or rain forests 
in Costa Rica, or conducting an archaeological excavation in Syria. It can 
be diffi cult to deal with these patrons due to the lack of data available 
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for their geographic areas of study, which are often third world countries 
with sparse mapping. You must often resort to supplying satellite images 
or scanned and georeferenced maps of their area if little or no GIS data 
can be obtained.
However, these patrons can often still be helped and can also be an 
advantage for collection development. Although you may not be able to 
acquire data through normal channels, the patron can often serve as his 
own resource with a little guidance. These patrons often spend a signifi cant 
amount of time in their geographic study area, speak the local language, 
and have made local contacts. You can steer them in the right direction to 
fi nd the data they need, which may be available from a national mapping 
agency or a local company only if you are actually physically present in that 
country and know the right people. Sometimes deals can be worked out 
so that the patron can acquire a standard dataset for the whole country or 
region for your GIS collection.
Also, these patrons are often doctoral students who may spend much of 
their time at their study site collecting their own data via GPS or surveying 
devices. They can be helped by teaching them how to take their own raw 
data and make it into GIS layers with which they can perform more analysis. 
For example, a patron who collects XYZ locations can be shown how to 
interpolate the data into a high-resolution digital elevation model, which 
can be further developed into slope or aspect surface layers.
The Sponge
These are patrons who can learn GIS very quickly and have a strong 
desire to become profi cient in using GIS software. They often start out as 
non-GIS or novice users and quickly soak up anything you expose them 
to. They fi nish sixteen-hour online GIS courses in one weekend, familiar-
ize themselves with enough data sources to acquire most or all of the data 
they need, and consult with you only after unsuccessfully tackling a GIS 
problem themselves for two hours.
These are highly desired patrons that make your consultations with 
them less involved. However, after discovering a patron is a Sponge, try to 
convey to them that they need not waste too much time trying to tackle a 
GIS problem themselves. A two-hour problem may be answered in a one-
minute consultation. It may also be benefi cial to consult with them a little 
longer than normal. The fact that they learn quickly will make them into 
advanced users in a short period of time. As a recognized advanced user, 
they may often help colleagues in their department with minor GIS prob-
lems or may even end up working for the library GIS service as a student 
employee.
The Ninja
The Ninja is another desirable type of GIS patron. This is a patron who 
is already a highly skilled and deft user of GIS. These patrons may have 
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already taken several advanced GIS courses or may have had several years 
of real-world project experience with GIS. They often use more than just 
standard GIS desktop software, utilizing and disseminating GIS data on 
interactive mapping sites or relational databases. They may have mastered 
additional software for spatial analysis such as remote sensing, statistical, 
or Computer Aided Design and Drafting (CADD) software.
During consultations, they usually just need help fi nding a particular 
dataset or just need you to purchase one they have already found. However, 
they may sometimes ask complex questions that strain the limits of your 
own GIS experience and expertise. Be prepared for the Ninja by having a 
plan for questions you may not be able to answer immediately. One plan 
may be to refer the patron to another librarian or faculty member in the 
area of expertise about which they are asking. For example, if they are 
asking questions about spatial statistics and this is not your strongest area, 
you could refer them to a statistics/data librarian or mathematics profes-
sor. Another plan could be contacting GIS colleagues or your GIS software 
vendor, or posting to a GIS listserv. A fi nal solution could be spending the 
time to fi gure out a solution to a GIS problem on your own. Try to avoid 
spending extended periods of time researching an answer to a tough ques-
tion while the patron is consulting with you in person. This may end up 
wasting both the patron’s and your time. Help the patron with whatever 
you are immediately able to, and then contact him later to set up another 
appointment once you have had time to research the question.
The Philanthropist
This patron can be a wonderful resource to a GIS service and can also be 
identifi ed as a virtual employee. These patrons may be developing Sponges 
or GIS Ninjas who take it upon themselves to share their collected data 
or expertise. They may offer to provide a copy of a signifi cant or valuable 
dataset that they acquired to the library so other users may access it for 
research. They will get involved with you in projects that involve building 
geodatabases or interactive mapping sites, lending their time and technical 
skill to advance the GIS infrastructure in your library or university. It can 
be very productive to accept the generosity of the Philanthropist, as it can 
make your job as a GIS librarian easier by having additional GIS expertise 
that can be tapped. However, be sure not to be too much of a drain on 
this type of patron and try to work with them in a way that makes it just as 
benefi cial to them as it is for you. A GIS project that satisfi es part of their 
research requirements and builds needed GIS infrastructure in the library 
would be a prime example of this balance.
Conclusion
It is apparent the GIS reference or consultations are more involved and 
require more time and expertise from librarians compared to other types 
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of library reference. The four-year statistical study shows that GIS librarians 
can expect to spend an average of four hours for a single consultation that 
can span months of time interspersed with several meetings. It also shows 
that about 155 consultations a year can be expected from an academic 
university similar to Yale. Statistics, such as those from the four-year study, 
can be useful for organizing and determining the future direction of a 
GIS service. And fi nally, recognizing different types of patrons and utiliz-
ing techniques to deal with them can lead to more effective and effi cient 
consultations.
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Abstract
Academic libraries are a prime example of an enterprise whose 
mission is to support the information needs of its institution. Geo-
graphic Information Systems (GIS) and remote sensing (RS) are 
popular topics for academic research and are used globally. Two 
major enterprise information service and data delivery models, cen-
tralized and distributed, describe how enterprises approach infor-
mation sharing. Simply stated, centralized systems provide services 
and data through a single individual or departmental unit. Distrib-
uted systems rely on many interconnected individuals or units to 
supply services and data. There are advantages and disadvantages 
to both, which may lead to a hybrid model of combined elements 
or a movement away from one and toward the other. This article 
discusses centralized and distributed enterprise information service 
and data delivery models and how two Florida university libraries 
deploy these models to deliver enterprise GIS services and data to 
their institutions’ user communities.
Introduction
Information services and data products such as those associated with 
Geographic Information Systems (GIS) and remote sensing (RS) are pro-
vided by many public and private organizations. By defi nition, “Any or-
ganization [public or private] that needs to support multiple concurrent 
users accessing a shared information resource” (Rich, Das, & Kroot, 2001) 
can be called an enterprise. The enterprise’s concurrent users can be both 
internal and external to the organization. Academic libraries are a prime 
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example of an enterprise. If viewed in the context of an academic institu-
tion, one might even view libraries as an enterprise embedded in the larger 
institutional enterprise. At the academic institution level, administration, 
teaching, research, and technology transfer are intended to meet the in-
formation needs of concurrent users in society. Simultaneously, the people, 
information services, and materials physically owned or licensed virtually 
by the library directly support the mission and information needs of the 
academic institution, that is, faculty, staff, students, and others outside the 
institution. For the purposes of this article, GIS will be used to refer to both 
GIS and RS as combined spatial services and data.
Enterprise GIS
An enterprise GIS is typically viewed as the infrastructure (hardware, 
software, and personnel), spatial data, and applications used to inventory, 
manage, and analyze an institution’s own spatial resources. In “Developing 
Enterprise GIS for University Administration: Organizational and Strategic 
Considerations,” McCormick discusses enterprise GIS for university admin-
istration (McCormick, 2003). He points out three GIS usage areas: technical 
reference (planning and facilities), public reference (cartographic visitor 
maps), and decision support (student recruiting, locating facilities, etc.). 
He also describes three scales of enterprise GIS usage: a single depart-
mental GIS, which is created for a specifi c purpose; a loose confederation 
of departments, which might share spatial software and data; and a fully 
integrated enterprise system, which may even be used for detailed records 
management. The scale of enterprise usage may change due to success or 
failure at any one particular scale.
The literature reveals that McCormick’s public reference category ex-
ists in academic libraries. Some articles have proposed GIS systems that 
provided patrons with collection location information (Xia, 2005), devel-
oped GIS interfaces to digital historic collections (Haas et al., 2005), and 
investigated geographical interfaces to catalog records (Haas, Aufmuth, 
Coleman, & Uhlinger, 2002). While GIS has been used to locate new public 
library facilities (Koontz & Jue, 2001), nothing in the literature suggests 
GIS is internally used in locating new academic library facilities, library 
facilities management (McCormick’s technical reference), or library deci-
sion-making support.
Service and Data Delivery Models
Two signifi cant models for delivering an enterprise’s information ser-
vices and data are the centralized system and the distributed system. Simply 
stated, centralized systems provide services and data through a single in-
dividual or departmental unit. Distributed systems rely on many intercon-
nected individuals or units to supply services and data. There are advantages 
and disadvantages to both that may lead to a hybrid model of combined 
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elements or a movement away from one and toward the other. For instance, 
the single point of access in a centralized system requires users to have a 
high level of trust in the provider’s ability to meet user needs. A lack of 
trust may lead a department to develop its own GIS. In distributed systems 
some of the services and data delivery points may be redundant and lead 
to consolidation to reduce costs. In a hybrid system, some features of a 
distributed system may become centralized, such as software licensing for 
multiple users.
An academic library’s choice of GIS service model is infl uenced by 
current campus-wide GIS activities—or “enterprise scale”—as defi ned by 
McCormick, as well as the library’s willingness to compete with other cen-
ters on campus. Libraries at institutions without GIS research centers or 
GIS in academic departments might initially choose the centralized system 
and become the hub of campus GIS activity. The centralized model may 
start out in a collaborative mode, but as campus departments develop GIS 
expertise, libraries may fi nd themselves competing for funding and space. If 
an established network of campus GIS and remote sensing research centers 
and programs already exists, libraries might choose to provide GIS services 
to faculty, staff, and students in those distributed departments rather than 
create its own center. In distributed systems the library can also serve as a 
neutral place for highly competitive research and educational centers to 
come together. Whether centralized or distributed, library GIS services and 
data delivery may include data acquisition (creation, download, or pur-
chase), data processing and analysis, data distribution, data maintenance, 
data archiving (institutional repositories), GIS applications (development 
and/or implementation), software (purchasing, licensing, distribution, and 
installation), hardware support, teaching, research, and consulting.
A Tale of Two Libraries
The State University System (SUS) of Florida has eleven member institu-
tions. Many of the institutions have prominent GIS and RS teaching and 
research programs. Four of the institutions’ academic libraries—University 
of Florida (UF), Florida International University (FIU), University of South 
Florida (USF), and University of Central Florida (UCF)—have hired or 
identifi ed library faculty responsible for spatial data and services. All four 
libraries exhibit some traits of either the centralized or distributed models 
for enterprise GIS information services and data delivery. Although the 
traits are exhibited, the libraries did not plan to follow a specifi c model. 
Instead several factors have infl uenced the direction each has taken. Each 
university’s history, breadth and depth of academic programs (McCormick’s 
“scale of usage”: single department, loose collection, or large-scale enter-
prise), and institutional culture helped shape library services to meet users’ 
needs. Two of the SUS libraries that typify the centralized and distributed 
models are FIU and UF respectively.
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Centralized Model: Florida International University
Florida International University, which celebrated its thirtieth anniver-
sary in 2002, has been successfully growing academic GIS teaching and 
research programs. Library GIS and remote sensing services and data 
delivery at FIU have evolved from a one-person government documents 
department initiative in 1995 (formerly known as the Geographic Infor-
mation Systems Remote Sensing Applications Laboratory, GISRSAL) to an 
autonomous full-service GIS and remote sensing library department and 
campus center, known as the GIS-RS Center. In the years between 1995 and 
2000 GISRSAL was the only GIS and RS research and teaching laboratory 
on the FIU campus. All of the other departments on campus utilized the 
library’s facilities. Over the ten-year period since 1995, the number of GIS-
RS Center personnel has grown from a couple of individuals to six full-time 
individuals, including a GIS-RS Center Head who reports to the Director 
of Libraries, a GIS Research Manager, a Web Developer/GIS Programmer, 
two GIS Research Associates, an IT Administrator/Developer, and an IT 
Associate/Web Designer. The GIS-RS Center has an advisory committee 
consisting of thirteen individuals representing a total of nine departments 
and other campus centers with a vested interest in GIS and remote sensing. 
The committee advises the library administration and the Center Head 
on user community service needs and direction. Hardware listed on the 
center’s Web site includes twelve staff computer workstations, forty-fi ve 
teaching and research workstations, three Internet servers for applications 
and data, a fi ber optic network, a large format scanner, a digitizing tablet, 
a color printer, and a large format plotter. Center software includes the 
Microsoft Offi ce Suite; SAS for statistical analysis; and ArcGIS, ArcView, 
and Leica’s ERDAS Imagine for GIS and remote sensing. The center also 
distributes and maintains campus-wide GIS software and licenses. In order 
to fi scally support the center’s activities, a fee-based approach to services 
has been adopted. Fees charged for mapping and data analysis services 
are listed at $50/hour for FIU students and $75/hour for faculty and non-
FIU affi liated patrons. Plotting charges vary by type and size of print. If 
print fi les need to be restructured to fi t printer dimensions, an additional 
$50/hour fee is charged. Faculty and other campus labs using the GIS 
and RS software are charged an annual software user fee, which includes 
the license, installation, and troubleshooting support. Software fees vary 
by application. Besides the typical GIS and RS services, the center actively 
pursues related grants, collaborates on research, participates in teaching 
GIS classes and labs, and coordinates a graduate GIS certifi cate.
The FIU GIS-RS mission statement summarizes campus GIS efforts and 
the center’s centralized role:
GIS-RS Center at the FIU Green Library primarily supports all the 
computing and research needs in the areas of Geographic Information 
Systems, Remote Sensing, geo-statistical analysis and Computer-Aided 
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Design (CAD) for the FIU community. Consulting services include 
assistance with geographic information systems, data analysis and ex-
traction, statistical software, scientifi c visualization and remote sensing 
software. We also provide training in the uses of desktop GIS programs 
and organize seminars and workshops in GIS. The GIS Center has two 
physical divisions, the Teaching Lab and the Research Lab. The High 
Performance Database Research Center, International Hurricane Cen-
ter, South Florida Environment Research Program, FIU Department 
of Geology, Environmental Studies, and Landscape Architecture and 
Design all help to equip the lab with hardware, software and expertise 
enabling the center to fulfi ll its goals and objectives effectively. (FIU, 
2006)
Distributed Model: University of Florida
The University of Florida, which recently celebrated its 150th anni-
versary, has an established history of conducting GIS and remote sensing 
activities on campus. In 1984 the Geo-Facilities Planning and Information 
Research Center (GeoPlan) was established. The College of Design, Con-
struction, and Planning (formerly the College of Architecture), in response 
to UF’s growing GIS research and teaching needs on campus, created Geo-
Plan in the Department of Urban and Regional Planning. The center is 
still very active today and serves as a spatial data node on the National Spa-
tial Data Infrastructure (NSDI) network. GeoPlan is widely acknowledged 
throughout the state of Florida for the creation and maintenance of the 
Florida Geographic Data Library’s (FGDL) 350+ GIS layers. FGDL grew out 
of a joint Florida Department of Environmental Protection (FDEP) grant 
project between the UF Map and Imagery Library and GeoPlan Center. 
Since 1989 various departments on campus have been conducting GIS and 
remote sensing activities. GIS and RS activities at UF span several colleges 
(Engineering, Architecture, Liberal Arts, and Agriculture), and research 
labs are distributed over many departments (Civil Engineering, Environ-
mental Engineering, Computer Science, Electrical Engineering, Urban and 
Regional Planning, Landscape Architecture, Geology, Geography, Forestry, 
Botany, Wildlife, Soil Science, Food and Resource Economics, Entomol-
ogy, Anthropology, and others). In the early 1990s UF became one of the 
fi rst universities to have a university-wide Environmental Systems Research 
Institute (ESRI) ARC/INFO site license, and initially software license costs 
were shared by individual departments. In the late 1990s the UF provost’s 
budget began paying for the license and GIS became freely available to all 
departments.
Prior to the late 1980s the approach to higher education at UF was to 
eliminate redundancy in academic courses and programs. If one program 
taught a subject or had an area of expertise, other programs on campus 
were discouraged from pursuing those same subjects. Between the late 
1980s and mid- to late 1990s, a former university president implemented a 
business model approach to higher education. Colleges and departments 
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were rewarded for the number of class seats fi lled and the amount of re-
search dollars in their laboratories.
The cultural shift, combined with freely available GIS software, resulted 
in a surge of GIS and RS courses and research efforts on campus as well 
as fi erce competition between colleges and departments. GIS evolved as a 
signifi cant focus in many disciplines, and some departments sought recog-
nition as UF’s expert. The constant competition caused a former provost 
to create UF’s Interdisciplinary Concentration in GIS (ICGIS) Committee 
and graduate-level certifi cate program. Because the Head Map and Imagery 
Librarian and the GIS Librarian of the UF Library actively participated as 
ICGIS committee members and because the library had no GIS or RS center 
of its own, the library became a neutral committee meeting site. Eleven 
academic departments with GIS and RS components now participate in 
the certifi cate program.
In 2000 UF’s George A. Smathers Libraries Government Documents 
Department hired its fi rst faculty GIS Librarian. Establishing a GIS Librarian 
position was a fi ve-year administrative process. The major driving force for 
the position was numerous research and student requests for spatial data 
and processing, mostly related to census data. The fi rst release of FGDL in 
1998 and the Map Library’s large digital spatial collection also contributed 
to the need for GIS expertise. Additionally, there was a need on campus 
for an “in-house” GIS and RS consultant for faculty, staff, and students 
not associated with a particular research or teaching lab on campus. Be-
sides consulting with faculty, students, and staff, the GIS Librarian teaches 
courses in the Geomatics Department. Due to the increased demand for 
GIS consultations, in 2005 a vacant government documents position was 
converted to a faculty spatial and numeric data librarian, who will actively 
collect and distribute data.
GIS and RS service and data delivery at UF libraries now includes six 
public computer workstations, two 11” x 14” scanning stations, four research 
and consulting workstations, a large format grey-scale scanner, a color laser 
printer, and a large format plotter. Software includes the Microsoft Offi ce 
Suite, sixty ArcGIS license seats, and three seats of Leica’s ERDAS Imagine 
software. The GIS Librarian coordinated a shared campus-wide purchase 
of Leica ERDAS Imagine image processing software. All services and equip-
ment use are provided free to patrons. However, consultations for large 
projects or involvement in data creation for grants are subject to negotia-
tion. The goal of the GIS Librarian is to provide patron guidance in GIS 
education in order to enable patrons to produce their own products.
GIS and RS projects at UF libraries have evolved into a collaborative 
and distributed team of individuals from multiple library departments. 
The Government Documents GIS Librarian coordinates acquisition, de-
velopment, and distribution of spatial data in addition to maintaining an 
Internet Map Server (IMS). The Map and Imagery Library houses paper 
345aufmuth/centralized vs. distributed systems
and digital collection materials. The Digital Library Center scans, archives, 
and distributes images that can be used in GIS. Library Systems assists in 
server maintenance, database development, and Web site programming. 
Cataloging works to incorporate digital collection records into the library 
catalog. Lastly, the Florida Center for Library Automation (FCLA) hosts 
imagery.
The UF Library’s mission statement summarizes a commitment to a 
distributed set of services:
The mission of Smathers Libraries is to support the university com-
munity in its pursuit of knowledge, thus contributing to the advance-
ment of the University of Florida to a ranking among the top 10 public 
universities. Our strategic goals aim at providing excellent informa-
tion resources and tools to faculty, students, and staff when and where 
they are needed. We are committed to a service model that imbeds 
library resources in academic programs, reaches out and collaborates 
with scholars and others within and beyond the university and adapts 
quickly to take advantage of technology developments. (University of 
Florida, 2005)
While the mission of a university library may be to support the academic 
community in its pursuit of knowledge, namely research and teaching, 
strategic goals help shape development of services provided and how they 
are delivered. In this instance goals that deliver “information resources and 
tools . . . when and where they are needed” and a service model that “imbeds 
library resources in academic programs, reaches out and collaborates with 
scholars and others within and beyond the university” are consistent with 
distributed models of service.
Conclusions and Trends
Academic GIS and remote sensing teaching and research efforts are 
growing on large and small campuses across the country. Increasingly, 
academic libraries regardless of size are developing spatial data services 
to meet user needs (Kinikin & Hench, 2005). Many library GIS and RS 
efforts begin as part of another library department, typically government 
documents or a map library; however, specialized science-oriented libraries 
are also typical incubators for these efforts. UF libraries’ GIS efforts are 
organized under the Government Documents Department. At FIU, GIS 
and remote sensing started in Government Documents, but spatial data 
services have become a unique library department. While university librar-
ies often consider the placement and scope of GIS services, the service 
and data delivery model are not developed in relation to existing campus 
enterprise GIS infrastructure.
This article has examined two spatial service and data distribution mod-
els, centralized and distributed, that can be applied to any size academic 
library. By comparison, campus GIS and RS activities and expertise at FIU 
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began in the library, and as a result FIU libraries developed a GIS-RS Cen-
ter similar to UF’s Urban and Regional Planning GeoPlan Center. In the 
case of FIU and the centralized model, the cost of maintaining a library 
center is partially shared by other departments. However, when other col-
lege departments already have distributed research centers and teaching 
labs, such as at UF, they are not motivated to contribute to a library cen-
ter. Creating a library GIS center in a distributed environment of existing 
research and teaching labs may force a library to compete against other 
centers for research grants and budget line item funding. By focusing on 
the user community and adding coordinate information, or spatial value, 
to library collections, libraries may be able to avoid competition with other 
campus centers. Consequently, UF has evolved into a distributed model for 
GIS service and data delivery that relies on many library departments.
Although FIU and UF libraries embody different service models, GIS 
efforts of both libraries are centralized in a single library. At UF this raises 
the administrative question of how to best meet user needs for nine separate 
satellite library locations, eight different specialized library collections, and 
over eleven academic units. One current consideration consistent with a 
distributed network of services is basic GIS and RS education for a select 
number of reference librarians throughout the libraries. A concern with 
this approach is the signifi cant amount of time needed to achieve a suf-
fi cient level of technological knowledge in hardware, software, and spatial 
data to meet a user’s particular need.
Providing spatial technology services is often seen as prestigious and 
may encourage some academic libraries to invest in GIS and RS centers; 
or libraries may feel compelled to keep pace with other university depart-
ments or academic institutions. Prior to investing in GIS centers and ser-
vices, evaluating library enterprise GIS service models in the context of the 
broader university enterprise will help libraries plan and implement spatial 
information services that meet a patron’s needs.
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Abstract
The implementation and development of effective mentoring is 
crucial to the growth and success of Geographic Information Sys-
tems (GIS) librarianship and staffi ng. Mentoring is necessary to fi ll 
the gaps for all staff members, especially students. I propose that 
mentoring can assuage many of the staffi ng obstacles to successful 
GIS programs. Effective mentoring will create a healthy and produc-
tive work environment as well as nurture future GIS librarians and 
staff members. Although mentoring within librarianship has been 
discussed in library literature, unfortunately work on the area of GIS 
mentoring is lacking. This article discusses the benefi ts of mentor-
ing and demonstrates how the need for GIS mentoring is different 
from other library mentoring, specifi cally because of staffi ng. It also 
offers strategies for effective GIS mentoring.
Introduction
“To teach is to learn.” This Chinese proverb embraces the cyclical nature 
of mentoring, in which knowledge is gained by everyone in the mentoring 
relationship—student and teacher, protégé and mentor. Unfortunately, it is 
not always easy to know how to teach and mentor effectively. While litera-
ture exists about mentoring in relation to libraries, this is not the case for 
mentoring in relation to Geographic Information Systems (GIS). As GIS 
is a relatively new discipline, circumstances regarding staffi ng, fi nancial 
obligations, time obligations, and isolation set it apart from other areas of 
library mentoring. This article discusses these differences and offers practi-
cal strategies for implementing an effective GIS mentoring program.
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Mentoring for Libraries
Simply defi ned, a mentor is “someone who helps someone else learn 
something that he or she would have learned less well, more slowly, or not 
at all if left alone” (Bell, 2000, p. 133). This defi nition can be applied to 
everything that many of us, as librarians, do on a daily basis with all patrons, 
and it needs to be tailored to working with students and other assistants. A 
library is a business—to the extent that it has fi nancial concerns, compe-
tition, and employees and offers services. Therefore, it is appropriate to 
embrace a business-oriented defi nition. Richard Luecke, author of Harvard 
Business Essentials: Coaching and Mentoring: How to Develop Top Talent and 
Achieve Stronger Performance, redefi nes mentoring as “a means of developing 
human resources” (2004, p. xi). Libraries, although not always thought of 
as such, are corporate entities and should be investing in ways to develop 
human resources. In order to offer high-quality services, attention must be 
spent on recruiting, developing, and keeping staff members. With students, 
mentoring plays a key role in demonstrating why librarianship is a good 
career choice, developing skills and knowledge, and creating a positive 
work environment that may reduce turnover.
The benefi ts of mentoring are numerous and diverse for the mentor 
and the recipient of the mentoring (referred to as the protégé in this 
article). Benefi ts, however, apply to more than just those involved in the 
mentoring relationship. In his book The Mentoring Manager, Gareth Lewis 
(1996) divides the benefi ciaries into three categories: protégé, mentor, 
and organization (see Table 1). Gail Munde (2000) confi rms and adds 
to Lewis’s list of benefi ts in her article, “Beyond Mentoring: Toward the 
Rejuvenation of Academic Libraries.”
Positive outcomes for protégés have included higher salaries, promo-
tions, overall career satisfaction, and satisfaction with their organiza-
tions. Benefi ts for mentors include a renewal of professional purpose, a 
briefi ng in new or emerging aspects of a profession, a sense of satisfac-
tion that one has helped to infl uence the future of the profession, the 
loyalty and support of the protégé, and recognition for the mentor’s 
ability to identify and advise promising employees who will contribute 
to the organization. Positive outcomes to organizations have included 
increased employee retention, reduced turnover, faster and more ef-
fi cient introduction of junior employees to organizational norms and 
expectations, and improved coherence of leadership through the or-
ganization. (Munde, 2000, p. 172)
The organizational benefi ts—although commonly overlooked when 
considering mentoring—are the foundations of a successful library depart-
ment or program.
GIS Mentoring Versus Other Library Mentoring
GIS librarianship is specialized and highly technical. Although mentor-
ing is mentioned in library literature, a review of the literature did not fi nd 
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any mentoring models that fi t the circumstances faced by GIS librarians 
and staff. For instance, the mentoring model used by the Louisiana State 
University Libraries, although successful, is not appropriate for GIS mentor-
ing for two main reasons: goals and audience. The audience is librarians, 
and the goal is promotion and tenure. This is the case for the majority of 
mentoring articles that exist. When contemplating mentoring in relation 
to GIS, goals and audience must be taken into account.
The current literature is fi lled with general articles and those that ad-
dress issues faced by other specializations such as minority librarians and 
academic librarians facing tenure. Although many GIS services are offered 
in academic libraries, because of the technical aspect of GIS, it was diffi cult 
to draw close comparisons between mentoring in these libraries and that 
which should be offered in relation to GIS. The closest relationship to GIS 
found was an article geared toward medical reference librarians in academic 
libraries. Hongjie Wang (2001), in “Academic Mentorship: An Effective 
Professional Development Strategy for Medical Reference Librarians,” pro-
vides an excellent literature review of academic mentoring and captures the 
technical aspect of medical librarianship. Most relevant to GIS is mention 
of a 1990 national survey of 210 health sciences librarians affi liated with 
70 academic medical libraries in the United States. The survey indicated 
that the specialized skills necessary for professional medical librarianship 
were acquired on the job. Wang writes, “This survey result supports the 
popular belief among information services professionals that, while an 
absolute prerequisite for the profession, a master’s degree in library and 
information science is not equivalent to the skills of a competent medical 
reference librarian” (2001, p. 26). I believe that this is also the case for GIS 
librarianship. Although the foundation of librarianship, which includes 
Table 1. Mentoring Benefi ts Lewis Finds for the Protégé, Mentor, and Organization
Recipient Type
For the Protégé Greater understanding of the total organizational perspective
 Personal benefi ts that come from relationships
 Learning outcomes developing his/her own learning to learn skills
 Career benefi ts
 Learning problem solving and problem-solving approaches
 Self-analysis of strengths and weaknesses
For the Mentor Widening the perspective of business functions
 Increases in personal satisfaction that come from relationships
 Role enhancement and the expansion of repertoire of skills
 Personal development
 Career enhancement
For the Organization Better-trained staff
 Development of an organizational culture
 Effective management development
 A positive orientation to learning
 Empowered staff
Source. Based on Lewis, 1996, pp. 13-15.
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critical reference and database skills, is learned in library school, many 
skills required for a GIS specialization are not.
Unfortunately, the literature on medical librarianship does not com-
pletely apply. The most obvious difference is that medical librarianship 
is more established. Medical librarians are often in separate libraries that 
are more fully staffed. Although GIS librarians are often in map libraries, 
staffi ng numbers are not commonly equivalent. Adequate staffi ng of GIS 
services is vital. In his article “GIS Collection Development, Staffi ng, and 
Training,” Karl Longstreth states, “For an academic library (indeed, any 
library) with spatial data from the government or other sources, the basic 
need for implementing a GIS will be to provide access to those data. The 
development of staff to provide this access is crucial” (1995, p. 270). Despite 
the critical need for staffi ng, GIS services are often given by a mélange of 
providers: students, nonlibrarian staff, and GIS professionals—in addition 
to librarians. GIS professionals are those individuals who have come from 
another job in which they worked in the fi eld of Geographic Information 
Systems. These include managers, developers, consultants, data collec-
tors, sensor and system developers, or academics and researchers (GIS 
Professional, n.d.). Staffi ng has been an important issue associated with 
GIS services since they began. In her 1995 article “Expanding Horizons for 
GIS Services in Academic Libraries,” Carolyn D. Argentati asserts: “Devel-
opment of GIS services has involved, and in some cases, transformed, the 
efforts of government documents librarians, map librarians, reference and 
subject specialist librarians, and others throughout the academic library 
organization. In this process, libraries have had to address many questions 
regarding staffi ng and management of these new services and the alloca-
tion of resources to support them (p. 463).
Although GIS technology and understanding has grown, issues regard-
ing staffi ng have not changed signifi cantly. At this point in time, I believe 
that staffi ng is the key difference between GIS librarianship and other 
technical forms of librarianship. Mentoring is a key way to develop staffi ng 
in order to provide a quality GIS program.
Issues Surrounding GIS Staffi ng
Demands on GIS staff are high. Argentati (1995) sets the stage for GIS 
staffi ng concerns when discussing “a series of developments [that] began 
to intensify the demands on GIS Team members” during the initial launch 
of GIS services at North Carolina State University (NCSU) Libraries.
First, the number of GIS users on campus was increasing rapidly, partly 
because of campus licensing agreements with several major software 
vendors. Second, the software itself was continually evolving, and learn-
ing new GIS and data applications or staying up-to-date on changing 
functionality requires considerable time and effort. Finally, the prolif-
eration of spatial data available to be collected, along with data-related 
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issues such as network storage infrastructure for multi-platform access 
and WWW-based documentation and retrieval mechanisms, demanded 
sustained attention and activity. (p. 464)
These basic issues have not changed. In fact, they have multiplied. Issues 
regarding GIS staffi ng are complex and include a number of factors: fi nan-
cial responsibilities, a diverse set of service providers, time obligations, lack 
of training, and isolation. In this article, the phrase GIS staffi ng refers to 
all staff (librarians, nonlibrarian staff, and students) that provide assistance 
with GIS. The fi rst issue associated with GIS staffi ng is the high fi nancial 
obligation associated with running a GIS program. In order to meet the 
other fi nancial costs for hardware, software, and data programs, the costs 
of staffi ng are often minimized, which results in low total staffi ng numbers 
and low numbers of librarians. In addition, staffi ng of GIS programs is not 
always full-time. Staff members often have other responsibilities that are 
not related to GIS. Further, GIS services are fairly new. Although library 
literature began to discuss GIS with some frequency in the late 1990s, not 
all libraries offer GIS services. In fact, many libraries are just beginning 
to start GIS programs. Even those institutions with established programs 
have small programs and are faced with fi nancial issues that may prohibit 
rapid growth. Lastly, because of the low number of GIS staff, the issue of 
isolation is common in GIS staffi ng.
There are fi ve components to a GIS: hardware, software, data, people, 
and methods. Each component is critical and the fi rst four require a level 
of fi nancial obligation. Computer hardware consists of input devices such 
as keyboards, scanners, and digitizers; output devices such as monitors and 
printers; and processors. Libraries commonly have public computers, but 
computers with GIS may require extra devices such as scanners, digitizers, 
or color printers. In addition, GIS software may require higher processing 
speeds for the hardware. GIS software, which is commonly upgraded almost 
every year, can also be costly. Larger institutions with other departments 
on campus who use GIS may benefi t from sharing the cost of a site license. 
This, however, is not always the case. Although geospatial data are distrib-
uted at no cost to Federal Depository libraries, it is not comprehensive. 
Most geospatial data that is distributed through the Federal Depository 
Library Program (FDLP) were created for a specifi c project and are not 
applicable for most general use. Therefore, purchasing commercial data for 
foundational purposes, such as boundary fi les, or to fi ll in gaps is common. 
Lastly, people are needed to use the GIS. Because using a GIS is sometimes 
very technical, people with GIS knowledge are needed to assist and teach 
others. As GIS services are not common enough yet, in many libraries there 
is not enough demand to justify libraries devoting fi nances to hire a full-
time or multiple full-time GIS librarians or staff. As a result, GIS staffi ng is 
often fi lled by a diverse set of individuals with different backgrounds: full-
time/part-time, and those with or without a geography/GIS background or 
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M.L.S. Many programs have a combination of all of these and rely heavily 
on students and volunteers.
In addition to the challenges of the fi nancial obligations, GIS services 
and staffi ng are constrained by the concerns of sharing time with other 
responsibilities. Staffi ng issues for librarians and staff members trickle down 
to students who assist with GIS. In order to learn more about GIS staff-
ing and libraries, I conducted an informal survey to depository libraries 
through GOVDOC-L, a “listserv-based discussion forum about government 
information and the Federal Depository Library program” (GOVDOC-L, 
n.d.). Although, as indicated above, GIS services and hence issues related 
to GIS staffi ng and mentoring pertain to libraries outside of the FDLP, this 
scope proved to be a good starting point.1 The survey netted a 5 percent 
response rate (73 out of a possible 1,232 depositories). Of these, 33 of the 
73 respondents indicated having GIS services. It is interesting to note that 
6 of 43 libraries that responded they did not have GIS services mentioned 
that GIS services were planned for an undisclosed date in the future.
Although GIS services are staffed by librarians, nonlibrarians that in-
clude GIS professionals, and students, the survey only asked for a distinction 
between librarians and nonlibrarians (see Figures 1 and 2). Of the libraries 
indicating GIS services, 30.3 percent (10 libraries) had GIS librarians, with 
the responses divided equally between full-time and part-time. 51.5 per-
cent (17 libraries) answered yes to GIS services and no to a librarian. The 
remaining 18.2 percent (6 libraries) indicated that they have GIS services 
provided by both a GIS librarian and a staff member in some capacity. For 
the libraries who did not have a librarian, the majority (17 libraries or 77 
percent) had one part-time staff member. Many respondents specifi ed that 
they are only able to designate a portion of time to GIS as they are respon-
sible for the map collection or other duties. Although GIS services are being 
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Figure 1. Breakdown of GIS Staffi ng in Federal Depository Libaries: Librarians 
and Staff
more widely offered, 72.7 percent (24 libraries) have one librarian or staff 
member working only in a part-time capacity as compared with 27 percent 
(9 libraries) that have full-time GIS staffi ng. While these percentages are 
by no means indicative of GIS services on the national or international 
levels, they display a pattern of disjointed GIS staffi ng that I believe to be 
true for libraries in a broad sense. As the survey shows, many staff members 
responsible for GIS have other duties and obligations.
Learning and maintaining the skills necessary to manage GIS software 
is very time intensive. If staff resources are spread too thin there is not 
adequate time to manage GIS duties. Although this is changing with insti-
tutions now hiring GIS-specifi c technicians and librarians, many of those 
currently responsible for GIS services had these responsibilities added to 
already existing duties. Because the area of GIS is technical, time must be 
spent gaining personal knowledge and honing software skills. “A library 
should establish a set of goals specifi cally for GIS implementation. . . . 
Including a goal for training is important; as GIS software and databases are 
suffi ciently different from other library resources, most staff and users will 
not effectively use GIS without instruction” (Longstreth, 1995, p. 271).
In addition to the scarcity of time, many librarians or staff may feel they 
are not adequately trained. Longstreth lays out these areas of knowledge 
and skills needed to provide GIS services:
Library staff need to understand, and be profi cient in, several areas. 
Training implies learning to use GIS software, but it is important to have 
a conceptual understanding and knowledge of real GIS applications in 
order to make training useful. Staff must know more than how to oper-
ate the GIS software; they need instruction in the issues of GIS theory, 
GIS databases, and GIS applications in a discipline. This instruction is 
necessary because the ability to add, manipulate, and analyze data in 
a GIS intelligently requires understanding; the inputs and processes 
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Figure 2. Full-time versus Part-time Staffi ng of GIS Services in Federal Depository 
Libaries
needed to yield a meaningful result are a function of employing a GIS 
in an intellectually appropriate way. (1995, pp. 271–272)
Even those who have a strong background in geography or another fi eld 
using GIS may feel challenged by new developments in software and re-
sources. Because in many libraries there is only one person with knowledge 
of GIS, current librarians and staff may also experience isolation. Mentoring 
may feel like the last thing one has the resources to do successfully. There 
are a few things that can be used to resolve these problems. The following 
section discusses additional roles to be included in the defi nition of men-
toring and suggests strategies for effective mentoring.
Suggested Strategies and Structure
The defi nition of mentoring must be molded to fi t overall goals of GIS 
programs and the appropriate audience. At this time, I believe the goals of 
GIS staffi ng are to build future GIS librarians and professionals and gain 
assistance in providing services. The audience (protégés) for GIS mentor-
ing is primarily students. Strategies presented here can be modifi ed for 
others, however, based on goals for the relationship and amount of time 
invested. Taking into consideration the goals and audience for GIS staff-
ing, the standard defi nition of mentoring is too vague. For GIS, coaching 
and training should be part of the mentor role in order to train assistants 
in necessary skills for the job. Luecke states, “Coaching is about your job; 
mentoring is about your career” (2004, p. 78). Similarly, in “Formalizing 
an Informal Process: Developing a Mentoring Program in a University Li-
brary,” Catherine Wojewodzki, Linda Stein, and Tommy Richardson state, 
“Technical, teaching, and management skills are obtained with time on-
the-job and guidance from a supervisor, but professional development is 
a different, more personal process that can be accelerated by mentoring 
assistance from experienced colleagues” (1998, p. 442). These defi nitions 
of mentoring assume that the protégé is invested in a career already. For 
GIS, although many students/staff are devoting time to GIS, it may be on a 
more temporary basis. The initiative in mentoring comes from the person 
seeking greater understanding. “That person—the protégé—must take 
responsibility for his or her own growth and development” (Luecke, 2004, 
p. ix). Although many students, especially graduate students, take their jobs 
seriously, their main priority is completing their education. It is incorrect to 
assume that they have decided on GIS as their chosen career and that they 
will take the initiative to learn both GIS and library skills on their own. In 
the case of GIS services, which can be very technical, I believe that a com-
bination of many roles addressing job and career development—including 
both mentoring and coaching—should be taken. In addition, the roles of 
process advisor and consultant should be added as well. A mentor should 
take on these roles to help the learner set objectives, manage time, moni-
tor progress, and check skills (Lewis, 1996, pp. 90–93). While coaching is 
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very specifi c, the roles of advisor and consultant examine the larger role 
that the protégé fulfi lls.
With turnover a natural part of using student assistants, many people 
may question the effi cacy of investing time and resources in mentoring. This 
is an issue for all jobs. Mentoring is most time-consuming in the beginning 
stages of development. Once a structure and plan are formed, time is more 
pleasantly spent developing a relationship with the student(s). Demonstrat-
ing that working with GIS is challenging, rewarding, and fun will reduce 
turnover and address staffi ng issues for the future. The long-term goal is 
for students to realize that the library is not simply a place for part-time 
employment but a possible, and very rewarding, career option.
A ten-point framework for mentoring is presented below. This has been 
developed and implemented over the past year and a half at the University 
of Maryland with graduate assistants, student assistants, and volunteers. I 
have found it particularly effective.
Set Goals
When faced with the task of offering GIS services with limited staffi ng, it 
is important to look beyond a growing list of small everyday jobs that need 
to be fulfi lled. While this list can be helpful in designing a plan, it is crucial 
to look at the overall picture of what the protégé will be accomplishing 
both for the library and personally. For example, if it is a priority to offer 
GIS instruction for the campus, it is important to envision what role the 
protégé will play in it.
Have Regular Meetings with an Agenda
It is necessary to have regular meetings to answer questions, get feed-
back, and check on the progress of the protégé. In order to make meetings 
easier to remember, plan them for a set time and day of the week. To be 
productive, these meetings should have an agenda with a plan, future tasks 
with deadlines that are mutually agreed upon, and a rough plan for the 
next meeting. For instance, set an agenda for meeting A that has a plan for 
training or discussion for that meeting and a list of tasks outlined clearly 
with specifi c deadlines. It makes sense to have the deadlines set for meet-
ing B or a day or two before meeting B so you have time to look over the 
results of tasks, for example, a list of GIS Internet resources. The agenda 
could also have an estimated plan for the next meeting. This allows you 
to look ahead. For instance, if you are using a book like Getting to Know 
ArcGIS (Burke et al., 2004) for training, meeting A would discuss/dem-
onstrate components covered in chapters 1–3 as a preview, assign the task 
of reading chapters 1–3 with a deadline of meeting B, and plan for meet-
ing B to preview chapters 4–6. Allow for fl exibility. You may fi nd that the 
agenda needs to be revised if demonstrations or questions run longer or 
if the protégé has been working through the instructional material faster 
than originally planned. After the meeting give the protégé a fi nal agenda 
357ricker/gis mentoring
for the next meeting. It helps to create a long-term adaptable plan before 
beginning work with the protégé. While advance planning takes a consid-
erable amount of time, keep in mind that it will make creating productive 
agendas easier and cut down on time in the future when developing train-
ing for new students or protégés. When planning, remember to keep the 
goals you have set in mind. This will cut down on time lost to ideas outside 
of what you want to accomplish.
Challenge the Protégé
We often learn best and enjoy our jobs more thoroughly when chal-
lenged. Give the protégé the confi dence that you believe that he/she is able 
to complete the tasks and challenges that you have assigned him/her. This 
said, however, take care not to push the protégé beyond what he or she can 
accomplish. Keep in mind that with students, the number one priority is for 
them to earn a degree. Have an open dialogue about tasks and a fl exible 
agenda. It is ideal to incorporate tests or demonstrations into the agenda. 
For instance, after previewing chapters 1–3 and assigning reading chapters 
1–3 in meeting A, have meeting B begin with questions about chapters 1–3 
and then have the protégé demonstrate for you key items from the chapters 
that you have already laid out in the agenda. In addition, after a certain 
period of time have a more comprehensive test. This is to determine what 
areas need more training and give the protégé confi dence in what he/she 
has learned. Give the protégé a list in advance of what will be covered so 
he/she has a way to prepare. It is helpful to have tests allotted in the plan 
you have created. This way the protégé will be clear of the overall goals for 
training and that the tests are not the result of how you feel about how he 
or she is progressing.
When You Learn, Teach Them
Mentoring is a learning process, for both the protégé and the mentor. 
As stated earlier, many GIS staff may feel as if they do not know enough to 
train a protégé. This is an ideal time for the mentor to learn, both in ad-
vance of training and with the protégé. Share new concepts and resources 
that you have learned and encourage the protégé to do the same. Working 
in a library, there should be no shortage of print and electronic resources 
for training. In addition, many academic campuses have site licenses for 
software, which include free training through resources like the Environ-
mental Systems Research Institute (ESRI) Virtual Campus.
Take the Protégé to Meetings
I highly recommend attending professional meetings and conferences, 
especially those that are informal (and less costly) and that deal with GIS. 
The content is extremely useful and creating friends and contacts in the fi elds 
of GIS and libraries is invaluable. Take your graduate and undergraduate 
students and staff with you to appropriate meetings. In some cases this may 
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be diffi cult because of fi nances. If possible, work with your library to get ad-
ditional funds for graduate assistants. If this is not possible, informal meet-
ings, like ESRI user group meetings, are free. Training students creates the 
opportunity and structure to learn new things and hone skills. Mentoring 
“is a means of developing human resources . . . The mentor acts as a trusted 
guide, offering advice when asked and opening doors to learning opportu-
nities when possible and appropriate” (Luecke, 2004, p. xi). In addition to 
learning new things, the protégé will be able to make contacts in the fi eld, 
which is valuable if he/she is considering GIS librarianship as a career.
Be Patient
Mentoring is not a quick process. It involves developing a relationship. 
Be patient with both the protégé and with yourself. As you gain more ex-
perience as a mentor, it is possible to re-use the templates already created. 
Keep in mind, however, that each protégé is an individual and that his or 
her learning style may differ from yours or other protégés. Be fl exible and 
modify your plan to accommodate the way that he or she learns best.
Give Protégés Room to Develop Their Own Areas
As long as it fi ts into the overall goals, allow the protégé to develop an 
area of interest. For instance, if one of the program goals is to develop GIS 
instruction and she is interested in history, encourage her to fi nd litera-
ture or other resources relating to GIS and history and develop ideas for 
incorporating it into campus instruction.
Provide Group Training Sessions
Create a staff training session for people who are not GIS-designated 
staff but may have to provide some assistance with the GIS computers in 
your absence. This session should not be comprehensive but rather address 
common issues that they may need to deal with without your help. Make 
sure you provide a handout for their reference.
Be Available for Questions
Whether it is related to the library or to GIS, there is a plethora of 
new things that the protégé will be learning. It is crucial for you to be 
available—and make it known that you are available—to answer any ques-
tions. This will strengthen the relationship and make the learning process 
proceed more smoothly.
Be Actively Involved
Mentoring is a relationship. In the end, “the development of a working 
relationship requires the active participation of both its parties” (Portner, 
2002, p. 5). While you cannot always rely on the active participation of 
the protégé, you can encourage it and provide a good example with your 
dedication to the relationship.
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Conclusion
Mentoring geared toward GIS is severely needed in order to combat 
staffi ng shortages and nurture a positive learning and working environ-
ment for the department. More importantly, GIS mentoring is crucial for 
the survival of GIS services in the library. GIS mentoring has not been 
previously discussed in library literature. Although literature about men-
toring in relation to health sciences or libraries in general is helpful, these 
examples are limited in their relevancy to GIS. The strategies provided are 
ones personally developed at the University of Maryland and are presented 
in hopes that they will begin a dialogue on effective GIS mentoring. Com-
ments are welcome and encouraged.
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Notes
1. The questions included on the survey were (1) Does your library have GIS services (yes 
or no?); (2) Does your library have a GIS librarian (yes or no); and (3) What is the total 
number of staff devoted to GIS at your library?
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